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PREFACE. 



.E eveiy other branch of usefiil knowledge and science 
)e said to be overwhelmed bj initiatory works for the 
ite in them, it is no slight reflection on the Naval Scien- 
epartment of this great maritime country, that neither 

entary nor elementary works on the science of Naval 

Architecture, the labours of British Naval Architects, are to 
be found amongst the standard works of our libraries. Humi- 
liating as this assertion may be deemed, the fact remains in- 
controvertible. There are, no doubt, works on Naval Archi- 
tecture by the Swedish constructor Chapman, and the no less 
eminently talented Naval architect Clairbois ; and these, by 
the industry of Englishmen, have been translated and made 
capable of adaptation to the requirements of the British Naval 
Architect ; but these works, from the depth of mathematical 
knowledge required for their perusal, and from the expense 
attending on their purchase, are sealed sources of information 
to practical and demi-scientific men, and are no less the results 
of the gifted minds of foreigners, who have directed their 
energies to a subject of such paramount moment to the British 
Empire, as the improvement of the science of Naval Archi- 
tecture. The imputation of want of energy — I will not say 
want of talent — remains at our door ; and if this rudimentary 
work, on the necessary calculations to be made for a Naval 
Construction, should excite emulation in this branch of science, 
/ A 
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U PREFACE. 

which is of such vast importance to England, as being th 
first Marine Power of the world, one end will have been oil 
tained ; and, in addition, I shall feel no small degree of plea 
sure in haying added my mite to the general fund of osefa 
knowledge, by placing in the hands of the young Naval Archi 
tect a Rudimentary Text-Book on Naval Construction. 

J. P. P. 
Woolwich, 
July, 1849, 
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RUDIMENTARY 
NAVAL ARCHITECTURE. 



PART I. 

The Diiplaoement of a Floating Body coDridered.~Application of the Law 
thug determined to the Displacement of a Ship, when treated ai a Float- 
ing Body. — The Calcolations on the Immersed Portions of a Ship abso- 
lately necessary to ayoid FaUore and Unnecessary Expense in such 
Costly Fabrics. 

When a bodj floats on a fluid, it displaces as much of that 
fluid as is equal in size and form to the portion of the hodj 
which is immersed, and the bulk of fluid thus displaced is 
kzu>wn to be equivalent in weight to the weight of the whole 
body ; the measure therefore in solidity, of the portion of the 
body that is immersed, will give the magnitude of the fluid 
displaced, and the weight of this bulk of fluid will give the 
weight of the floating body. 

It being the object of the naval constructor to ascertain 
with accuracy the displacement and immersion of a ship, it 
becomes thence necessary to measure that portion of the body 
of the ship which it i& proposed should be immersed ; to effect 
which, Sthrling's Rules of Differentials have been employed by 
the Swedish constructor Chapman, and French naval archi- 
tect Clairbois. Their application of these Rules cannot be 
too highly prized by the naval architect, giving, as they do 
with precision, the volume displaced, the position of the centre 
of gravity of that displacement, and a comparative stability of 



In applying the methods thus adopted by Chapman and 
Clairbois in detail to an example in naval construction, it will 

a2 
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4 RUDIMENTARY NAVAL ARCHITECTURE. 

be the earnest endeavour in this Rudimentary Work on Naval 
Architecture to divest the subject of all technicalities, and to 
place it within the comprehension of the uninitiated in this 
branch of scientific knowledge ; and if the garb in which the 
intended instruction is clothed should be thought too simple 
by those to whom the application of these calculations may be 
an every-day occurrence, it is at once admitted, that these ru- 
diments were not written for their edification, although the 
careful perusal of them may, even by such proficients, ^e 
found to be not wholly without profit and utility. 

After having made the novice in these matters acquainted 
with the ordinary modes of conducting these essential calcu- 
lations on the immersed portion of a ship, a more concise 
method of applying the same rules will be given, which wiU. 
be followed by these rules being employed under a system 
which vrill be found greatly to facilitate the labours of the 
naval constructor, to register and compare the forms of ships, 
whether mercantile or for the purposes of war, and by which 
the qualities of a design for any proposed ship may be deye- 
loped with certainty, and the errors of a constructor be made 
apparent before his design is put into practice ; thence avoiding 
the disgrace, together with the useless and vast expense which 
ever await on an unsystematic arrangement of important cal- 
culations, and on unscientific deductions from ill-digested and 
misunderstood results. It is not intended to give the mathe- 
matical demonstrations on which these rules are founded — as 
the knowledge required to foUow such demonstrations to the 
desired end is beyond the assumed acquirements of the novice 
— ^the truth of these rules must be taken by such persons 
with faith ; and to the scientific no appeal is required in favour 
of the ground-work of the calculations, the accuracy of Ster- 
ling's Rules having been tested by the unerring results given 
by mathematical research, confirmed as they have been by 
years of practical experience. 
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PART II. 

The Application of Sterling's Boles to the Meaflorement of Areas, bounded 
bj a Straight Line as a Base and a dure Line ; the first Bule requiring 
an odd Nnmber of Ordinates, the second Bole that the Ordinates must 
be in Number a Multiple of the numeral three, with one added. 

Two rules were giyen by Sterling for measuring the area or 
snperficial space enclosed by a curve, and a straight line taken 
as a base ; thus, in Fig. 1 . 

Fig. 1. 



A B C is the curve line, and A C the base. 

Rule the First. 

If the area bounded by the curve line ABC and the straight 
line A C is required to be estimated, by the rule, the base A C 
is divided into an even number of equal parts, as in the Fig. 
No. 2, to give an odd number of points of division. 

Fig. 2. 

S 9_10 U .iil3l4 ,5 

1^ — — 7 — ii w 





8 4 



10 11 12 13 14 15 16 17 18 19 20 21C 



Where the base A C is divided into twenty equal parts, giving 
tvrenty-one points of division, and the lines 1.1, 2.2, 3.3, &c.. 
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6 RUDIMENTARY NATAL ARCHITECTURB. 

are drawn from these points at right angles or square to A( 
to meet the curve ABC, these lines, 1.1, 2.2, 3.3, &c., ai 
denominated ordinates, and the linear measurement of then 
on a scale of parts, is taken and used in the following gener 
expression of the rule. 

Area={A + 4 P+2 Q} ;. 

Where A^sum of the first and last ordinates, or 1.1 as 
21.21 of Fig. 2. 

4 P = sum of the even ordinates multiplied hy 4. 

Or, {Q"*^ + 4'»» + 6*^ + 8*^ + 10"^ + 12«» + 14* + 16* + \9 
+ 20***} X 4. Fig. 2. 

2 Q = sum of the remaining ordinates ; or, 

{S"* + 5*** + 7*** + 9*** + IP + 13*** + IS*** + 17*** + 19***} x 3 
Fig. 2. 

And r is equal to the linear measurement of the commo^ 
interval hetween the ordinates, or one of the equal divisions (j 
the base A C. This rule, for determining the area contained 
under the curve and the base, may be put under anothe 
form ; for as the 

Area «{A+4P+2Q}xJ:; 
it may be transferred into 

Area - {-y + 2P + q} X I::. 

The practical advantages to be derived from this modifies 
tion of the general rule will appear when the methods i 
calculation are further developed. 

Rule the Second. 
Fig. 3. 





A 1 2 8 4 5 6 7 8 9 10 11 U 18 14 15 16 ( 

If the base A C be so divided that the equal intervals an 
in number a multiple of the numeral 3, then the total numbei 
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RUDIMENTARY NAVAL ARCHITSCTVRK. 7 

i£ the points of division, and consequently the ordinates to 
lie curve, will be a multiple of the numeral 3 with one added, 
md the area under the curve ABC, and the hase A C, can he 
letermined by the following general expression : 

Area - {A + 2P + 3Q} x ^. 

"Where A » sum of the first and last ordinates, or 1 and 
16. Fig. 3. 

2 P - sum of the 4th, 7th, lOth, 13th, multiplied by 2, or 

ordinates bearing the distinction of bemg in position as 
mtdtiples of the numeral 3, with one added. Fig. 3. 

3 Q, the sum of the remaining ordinates, multiplied hy 3, 

or of the 2nd, 3rd, 5th, 6th, 7th, 8th, 9th, 11th, 12th, 

14th, and 15th, multiplied hy 3. Fig. 3. 

The number of equal divisions for this rule must be either 

3, 6, 9, 12, or 15, &c., heing multiples of the numeral 3, 

whence the ordinates will he in number under such divisions, 

multiples of the numeral 3, with one added. 

This rule admits also of a modification in form, to make it 
more convenient of application. 

For Area - {A + 2P + 3Q} x \r, 
may he transformed to 

Area -{^+P+1.5Q}xJr. 

As before advanced for the change adopted in the general 
expression for the first rule, the utility of this modification of 
the second rule will he observable when the calculations on 
the immersed hody are proceeded with. 

The rules are formed under the supposition that in the 1st 
rule the curve ABC, which passes through the extremities of 
the ordinates, is a portion of a common parahola, while in the 
second rule the curve is assumed to he a cubic parabola ; the 
results to be ohtained from an indiscriminate use of either of 
these rules, differ from each other in so trifling a degree (con- 
sidered practically and not mathematically), as not to sensihly 
affect the deductions derived hy them. 
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PART III. 

Method of applying Sterling's Bulesto ascertain the Solidity of the Bulk 
Fluid displaced hy the Immersed Portion of a Ship.— 2nd. A Method 
obtaining the same imder a more Concise Mode of Application of t^ 
same Bules^ by means of a Double-colomned Table for the Insertion s. 
the Measured Ordinates of the Areas. 

• 

Sterling's Rules, when applied to the measurement of the 
immersed portion of a floating bodj^ as the displacement of i 
ship, are used as follows. 

The ship is considered as being divided longitudinally bj 
equi-distant athwartship or transverse vertical planes, the 
boundaries of which planes give the external form of the 
vessel at the respective stations, and therefore the comparative 
forms of any intermediate portion of it. 

Fig. 4. 
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If the ship be immersed to the line AB, Fig. 4, con- 
sidered as • the line of the proposed deepest immersion or 
lading, the curves H L O and K M F would give the external 
form of the ship at the positions G and I in that line ; and the 
areas G H L O, I K M F contained under the curves H L O, 
KMF, the right lines GH, IK (the half-breadths of the 
plane of proposed floatation A B at the points G and I), and 
the right lines GO, IF, the immersed depths of the body at 
those points are the areas to be measured by the Rules 1 or 
2 ; and if the areas thus obtained be represented by linear 
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measurements, and are set off on lines drawn at right angles 
to the line A B at their respective stations, a curve bound- 
ing the representative areas would be formed, and the measure- 
ment by Sterling's Rules of the area contained under this 
curve, and the right line, A B, Fig. 4, or length of the ship 
on the load-water line, would give the sum of the areas thus 
represented, and thence the solid contents of the immersed 
portion of the ship in cubic feet of space. In accordance with 
this application of Sterling's Rules to measure the displace- 
ment of the ship, the usual practice is to divide the ship into 
equi-distant vertical and longitudinal planes, the longitudinal 
planes being parallel to the load-water section or horizontal 
se<^on formed by the proposed deepest immersion. 

To measure the areas of these planes after they have been 
delineated by the draughtsman, the constructor divides the 
depth of each of the vertical sections, or the length of each 
horizontal section, into such a number of equal divisions as 
will make either one or the other of the Rules 1 or 2 ap- 
plicable. If the first rule be preferred, the equal divisions 
must he of an even number, so that there may be an odd 
number of ordinates; while the use of the second rule, to 
measure the area, wiU require the equal divisions of the base 
AC, Fig. 3, to be in number a multiple of the numeral 3, which 
will make the ordinates to be in number a multiple of the 
numeral 3, with one added. From the points of equal divisions 
in the respective sections thus determined, perpendicular ordi- 
nates are drawn to meet the curve, or the external form of 
the transverse planes of the body ; and a table for the ordinates 
thus obtained, having been made as shown by Fig. 5, the mea- ' 
sures by scale of the respective ordinates are therein inserted. 
For the area I K M F, Fig. 4, the linear measurements of 
IK, 1.1, 2.2, 3.3, 4.4, are taken by a scale of parts, and in- 
serted in the column marked 5, Fig. 5,^ the whole length 
AB of the load-water line being divided into 10 equal divi- 
sions, and the area I K M F being supposed as the fifth from 
B, the fore extreme of the load-water line. To apply the 1st 

A3 
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10 RI7DIMENTARY NATAL ARCHTTECTURE. 

rule 1 to the measurement of the area of No. 5 section, the 
ordinates are extracted from the table, Fig. 5, and operated 
upon as directed by the rale ; viz. 

Area «{A + 4P+2Q}x ~. 

IK, or first, 1.1, or 2nd, 2.2, or 3rd, 

4.4, or last, 3.3, or 4th, x 2. 

added together or 2 Q. 

added together and x 4 = 4 P. 
- A. 

By rule. Area = {A+4P + 2Q} x f* 

Whence Area = { IK + 4.4 + 1.1 + 3.3. 4 + 2.2 x 2 } x f- 
» area I K M F, Fig. 4 ; and, in a similar manner, may the 
several areas of the other transverse sections be determined. 

When these areas have all been thus measured, they are to 
be summed by the same Rules ; the areas themselves being con- 
sidered as lines, and the result will give the solid for displace- 
ment in cubic feet. To shorten this tedious application of the 
formula given by Sterling's Rules, the arrangement of having 
double-columned tables of ordinates was introduced, as shown 
in Fig. 6, and for the more ready use of this enlarged table 
the modifications in the formula of Sterling's Rules before 
alluded to were adopted, that of 

Area={ A + 4P+2Q} x ^ into {A + 2P + Q} + |^, 
and that of 

Area* {a+2P + 3Q}x ^i:into{|+P+1.5Q} x i r, 

as rendering the required number of figures much less, whereby 
accuracy of calculation is ensured and time is saved. 

In using a table of ordinates constructed for this method of 
calculation, the linear measurement of the several ordinates of 
vertical section 5 and the corresponding ones of all the 
others would be inserted in the double columns prepared for 
them in the following order : — 

Digitized by CjOOQIC 
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In the first and last lines of the enlarged table for the 

ordinates, distinguishable by ^ in the left-hand column of each 

pair, the measurements of the first and last ordinates of the 

lespective areas are placed, and in the right-hand column 

of each pair one-half of such measurements as being one-half 

of the first and last ordinates of each vertical section or area. 

In the lines distmguished by 2 P, in the left-hand column, the 

measurements of the even ordinates of each respective area are 

placed, which having been multiplied by two, the result is 

placed in the respective right-hand columns prepared for each 

vertical section ; while in those lines of the table distinguished 

by Qa the measurements of the ordinates themselves are placed 

in the right-hand columns, as not requiring by the modification of 

the rules any operation to be used on them, before being taken 

into the sum forming the sub-multiple of the respective areas. 

It may here with propriety be suggested, that in practice the 

insertion of the linear measurements of the ordinates in the 

table in red ink, as shown in Fig. 6, will be found useful, and 

that after such has been done, by the upper line of figures in 

the table of ordinates thus arranged. Fig. 6, being divided by 

two, the second line of figures being multiplied by two, and 

so on with the others as shown by the table, and the results 

thus obtained being inserted in their respective right-hand 

columns as before described, great facility and despatch of 

calculation are afforded to the constructor. 

That this method will yield a correct measurement of the 
areas will be evident by an inspection of the terms of the ge- 

{A. 1 2f 

— + 2P+Q >• X -- which are 

placed against the several lines of the table of ordinates. And 
it will be equally apparent, that the sum total of the figures in- 
serted in the right-hand columns appropriated to each section is 
a sub^multiple of the area of each section, and that these results 

arising from the use of the form for area of {"^■ + 2 P+qI 
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will be one-balf of those that would be obtained by abstracting 

the ordinates from the table. Fig. 5, and using them in the ex-j 

pression A + 4 P + 2 Q ; and therefore to complete the calcuk j 

tion for the areas by the rule, the first results for the areas 

2r r . , 

must be multiplied by — , and the last by — , where r is equal 

to the common interral or equal division of the base in linear 

feet; or the part of the expression for areas of| _ + 2 P + Q j 

must be multiplied by il, to make it equivalent to { A + 4P 
+ 2Q}xr. 

The sub-multiples of the areas of the vertical sections thus 
determined, require to be summed together for the solid of 
displacement, and by considering the sub-multiples of the 
areas to be, as before stated, represented by lines or propor- 
tionate ordinates. Sterling's Rules, by the same table of or- 
dinates with an additional column, may be made available to 
the development of the solid of displacement. For the sec- 
tional areas being represented by lines, by the first rule, 4 the 
the first and last areas, added to the sum of the products aris- 
ing from multiplying the even ordinates or representative areas 
by two, together with the odd ordinates or the areas as given 
by the tables, and these being placed in the additional column of 
the table prepared for them, the sub-multiple of the solid of 
displacement will be given. 

The operation will stand thus : sub-multiple of each of the 

areas =-{-— + 2P+Q|,or each area will be — less than the 

full result, and the representative lines for the areas will be 
diminished in that proportion ; and having used these sub- 
multiples of the areas thus diminished in the second operation 
for obtaining the sub-multiple of the solid of displacement 
under the same rule, the results will again be -^' less than 
the true result ; therefore the sum thus determined will have to 
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e multiplied by the quantity -j^ x -^ , to give the solid re* 
ixired. In this expression, of -p ^ -^ , 

r ^ the equal distances taken in the vertical planes* to 

obtain the respective vertical areas ; 
r' » equal distances at which the vertical areas are apart 
on the longitudinal plane of the ship. 



PART IV. 

rb.e OalculatioiiB already made by Sterling's Rule for ascertidning the 
Volume Immersed, applied to determine the Position of the Centre of 
G rarity of that Volume, or of that of theDisplaoement,->-Po«itionof the 
Centre of Gravity of a System of Bodies.— The same Eeasoning applied 
to find the Centre of Qrayity of Displacement of a Ship. —Its Application 
under the System of using a Double Table of Ordinates. 

Th£ displacement being thus determined, by an jtrrange- 
ment of an enlai^ed table of ordinates, the functions arising 
from the sub- multiples of the areas of the vertical sections 
being placed in Sterling's Rules to ascertain the displacement, 
may be jised in the table of ordinates to find the distance of 
the centre of gravity of the immersed body from any assumed 
vertical plane ; and also the distance that the same point — 
" the centre of gravity of displacement " — is in depth from 
the load-water or line of deepest immersion, and that from the 
considerations which follow : — 

In a system of bodies, the centre of gravity of it is found 
by multiplying the magnitude or density of each body by its 
respective distance from the beginning of the system, and 
dividing the sum of such products by the sum of the magni- 
tudes 'or densities. The displacement of a ship may be con- 
sidered as made up of a succession of vertical immersed areas ; 
aud if it be assumed that the moments arising from multiply- 
ing the area of each section by its relative distance from an 
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initial plane, may be represented by successiTe linear measure* 
ments. Sterling's Rules will furnish the summation of such 
moments; and the displacement or sum of the areas has been 
obtained by a similar process, from whence, by the rule for 
finding the centre of gravity of a system as before given, the 
distance of the common centre of gravity from the assumed 
initial plane would be ascertained, by dividing the sum of the 
moments of the areas by the sum of the areas or the solid of 
displacement. 

To extend this reasoning to the enlarged table of ordinates 
used for the 2nd method of calculation : the sub-multiples of 
the respective areas, when put into Sterling's Rules to obtain 
the proportionate solid of displacement, are relatively changed 
in value to give that solid, and consequently the moments of 
such functions of the vertical areas will be to each other in 
the same ratio ; and the sum of these proportionate moments, 
if considered as lines, can be ascertained by multiplying the 
functions of the areas by their relative distances from the as- 
sumed initial plane, or by the number of the equal intervals of 
division they are respectively from it, and afterwards, by Ster- 
ling's Rules, summing these results, forming the sum of the 
moments of the sub-multiples of the functions of the vertical 
areas : and the proportionate sub-multiple for the displacement 
is shown on the table ; the division therefore of the former, or 
the sum of the proportional moments of the functions of the 
areas, by the proportionate sub-multiple for the displacement, 
vnll give the distance (in intervals of equal division) that the 
centre of gravity of the displacement is from the initial plane, 
which being multiplied by the value in feet of the equal in- 
tervals between the areas, will give the distance in feet from 
the assumed initial plane, or from the extremity of the base 
line of the proportional sectional areas for displacement. This 
reasoning will apply equally to finding the position of the 
centre of gravity of the body immersed, both as respects 
length and depth, and on the enlarged tables for construction 
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pLven by Fig. 6, the oonstnictory by adopting this arrange- 
cient, will at once have under his observation the calculations 
»7», and the results of, the most important elements of a Naval 
Construction. 



PART V. 

ileihod of dewribing a Carre of Vertioal Sectional Areas.— Itf AppUeatioii 
to the Calcalations required on the Immersed Portion of a Ship.— let. To 
the I>iaplacement.^Re]atiTe Capacities of the Fore and After Bodies of 
Immersion, denoted by the Area of Sections.— The Light Displacement 
or Weight of the Hull of the Vessel, obtained under the same System. 
—Practical UtiUty of it in stowing the Hold of the Vessel with Stores 
and Weights.— The Sectional Area measored by Sterling's Second Bole. 

The foregoing tabular system, for the application of Sterlmg's 
Kiiles to the calculations required on the immersed volume of 
a ship's bottom, led to a linear delineation of the numerical re- 
sults of the tables, and thence the development of a curve of sec- 
tional areas, on a base equivalent to the length of the immersed 
portion of the body, or of the length at the load-water line. 
To effect this, the sub-multiples of the sectional areas, taken 
from the tables for calculation, are severally divided by such a 
constant number as to make their delineation convenient ; then 
these thus further reduced sub-multiples of the areas, being 
set off at their respective positions on the base, formed by the 
length of the load-water line, a curve passed through the ex- 
treme points of these measurements, will bound an area, that 
to the depth used for the common divisor would form a zone, 
representative of the solid of displacement. The accuracy of 
such a representation will be easily admitted, if the former 
reasoning on Sterling's Rules is referred to. 

To obtain the solid of displacement from this representative 
area, the load-water line or plane of deepest immersion is con- 
sidered as being divided lengthways into two equal parts, which 
assumption divides the base of the curve of sectional areas also 
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into two equal portions : the line of representAtive area to tbf 
medial point is then drawn to the curve, and triangles ai 
formed on each side of it by joining the point where it meet 
the curye with the extremities of the base hne ; this arnin§& 
ment divides the representative area into four parts^ U 
triangles which are equal, viz. 1 and 2, and two other are& 
which are contained under the hjpothenuses of these triangk 
and the curves of sections, or 3 and 4 of the annexed diagram 

Diagram of a Curve of Sectional Areas. 




A B C D A = sectional area, representative of the half dis- 
placement as a zone of a given common depth. 

AC equal the length of the load-water section from the 
fore-side of the rabbet of the stem to the aft-side of the rabbe: 
of the post, and D the point of equal division. 

B D, the representative area of half the immersed vertical 
section at the medial point D, joining B with the points A 
and C, will complete the division of the representative area 
ABCDA. 

ABD and CBD, under such considerations, are equal 
triangles. 

B E C B, B F A B, areas, bounded respectively by the hypo- 
thenuse A B or B C of the triangles and the curve of sectional 
areas ; and, supposing the curves A F B and B E C to be por- 
tions of common parabolas, the solid of displacement will be 
in the following terms : — 

The area of each of the triangles is equal to J of A C x B D i 
hence the sum of the two = i of A C x B D : the hypo- 



thenuse A B or B C 



yAC 
2 



+ B D'; and the area of 
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BE C B if considered as approximating to a common para- 
bola =^ V — 



+ BDs X f of the greatest perpendicular 

on the hypothenuse B C. 
Area of B F A B under the same assumption « 

s/ ±^l + B D^ X I of the greatest perpendicular on the 
hjpotlienuse A B ; whence the whole displacement will be ex- 

pressed by i A C x B D + ^ ^ + B D* x | of the greatest 



perpendicular on the hypothenuse B C + V -— - + B D' 

X I of the greatest perpendicular on the hypothenuse A B. 

By a similar method^ from the light draught of water, or the 
depth of immersion on launching the ship, the light displace- 
ment^ or the weight of the hull or fabric, may be delineated and 
estimated ; and the representative curve for it being placed 
relatively on the same base as that used for the representative 
curve for the load displacement, the area contained between 
the curve bounding the representative area for the load dis- 
placement, and the curve bounding the representative area for 
the light displacement, will be a representative area of the 
sum of the weights to be received on board, and point out 
their position to bring the ship from the light Une of floatation, 
or the line of immersion due to the weight of the hull when 
completed in every respect, to that of the deepest immersion, 
or the proposed load-water line of the constructor — a repre- 
sentation that would enable the constructor to apportion the 
weights to be placed on board to the upward pressure of the 
water, and thence approximate to the stowage that would 
ensure the easiest movements of a ship in a sea. 

By an inspection of the diagram of the curve of sectional 
areas, it will clearly be seen that the representative area for 
displacement under the division of it, into the triangles 
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1 and 2, and parabolic portions of the area 3 and 4, li 
point out the relative capacities of the displacement, undexi 
fore and after half-lengths of the base or load-water line; h 
hj construction, the triangles A B D and C B I> are eqa 
and therefore the comparative values of the areas B£C 

and B F A B, or of v' — I + B D« x | of the greatri 
2 I 

perpendicular on the hypothenuse B C, concipared «£ 
>/ { J + B D* X I of the greatest perpendicular a 

the hypothenuse A B, or of the relative values of the greate 
perpendiculars on the hypothenuses B C and A B, "will gire tk 
relative capacities of the fore and after portions of the is 
mersed body or the displacement. 

The representative area A B C D A, Fig. 7, admits also of 
measurement by the 2nd Rule given by Sterling. 

Let B D, as before, be the representative area at the midi 
point. 

Fig 7. 




Divide A D or D C into three equal portions, then the equ* 
divisions being a multiple of 3, the 2nd Rule is applicable t( 
measure the areas ABDAor BCDB; 

for area ABD A - {6.6 + BD + 2xO + 3(4.4 + 5.5} \t 
6.6-0 -' ^ 

= {bD + 3.(4.4 + 5.5}}^^ 
and area B C D B= { 1.1 + BD+ 2 x* + 3 x (2.2 + 3.3} }^' 
where 11=0={bD+3x (2.2 + 3.3}} ^; 
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DC 



and the displacement - { BD + 3. {4.4 + 5.5} | — + 

[bD+ 3. {2.2 + 3.3} I X — X by the constant diyisor 

of the areas, or the depth of the zone in feet. 

The rules given by Sterling for the measurement of the 
immersed portion of the body of a ship, having been theo- 
redcaUy stated, the practical application of them will be given 
on the construction — drawing of a yacht of thirty-six tons. 
The system being the same for large or small vessels, want of 
space in this small work must be the accepted plea for the 
latter having been chosen, premising that the following con- 
siderations are necessary preparatory to the formation of a 
construction, or of a comparison of the elements of ships 
already built. 



PART VI. 

Preliminary BemarlcB preTious to the Application of the Bnlei for Oal- 
eolation to the Oonstruction-draught of a Yacht of 86 Tom Admea- 
•nrement, old tonnage.— The Immeraed Part of a Yeflsel eoniidered as 
a Portion of the ^trallelopipodon formed by the Dimenrions of Length, 
Breadth, and Depth.— BeUtive Capacitiee of the two Bodies, or Fore and 
After Bodies, under the Half-lengths of the Load-water Line.— Example 
of Bad Constnxction in this Element.— Man-of- War Brigs of 1838.— The 
Accuracy of the Stowage of the Hold ensured by the Delineation of the 
Curves of Sectional Areas for Light and Load Inmiersions.— The Belatiye 
Capacities of the two Bodies under the same Displacement affect the 
Form Forward and Aft. 

The immersed part of a ship^ being a portion of the paral- 
lelopipodon formed by the three dimensions ; — ^length on the 
load-water line, from the fore-side of the rabbet of the stem to 
the ad-side of the rabbet of the stem post ; extreme breadth 
in midships of the load-water section ; and the depth of im- 
mersion in midships from the lower edge of the rabbet of the 
keel; — ^it would seem that the first step towards the reduction 
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of the parallelopipodon, or oblong, into the required fc 
would be to find what portion of it would be of the 
contents as the proposed displacement of the ship — a 
ledge of which would enable the constructor, by a com 
of the result with a similar element of an approired ship, 
determine whether the principal dimensions assiuned woi 
(under the form intended) give an immersed body equal t 
carrying the proposed weights or lading. 

The relative capacities of the immersed bodies contmi^ 
under the fore and after lengths of the load-water line mm 
next be fixed, and the constructor in this very importfli: 
element of a construction will find little to guide "him froz 
the results of past experience and practice. From deduction 
on approved ships of rival constructors it will be developed 
that in this essential element, " the relative difference hetwee 
the two bodies," they vary from 1 to 13 per cent, on the whole 
displacement, and that in the system adopted by Sir 'Williflit 
Symonds, the late Surveyor of the British Navy, where simi 
larity of form was insisted upon, the range in this particula! 
was from 3 to 13 per cent, on the whole displacement or 
volume immersed. 

The relative capacities of the fore and after bodies of m- 
mersion under the proposed load-water liie would seem at 
the first glance of the subject to be a fixed and determinate 
quantity, as being a conclusion easily arrived at from a know 
ledge of the proportions due to the superincumbent weights— 
under such a consideration the weight of the anchors, bow- 
sprit, and foremast would necessarily be supposed to require 
an excess in the body immersed under the fore half-length of 
the load-water line over that immersed under the after half- 
length of the same element. 

In a ship the necessary arrangement of the weights, to pre- 
serve the proposed relative immersion of the extremes or the 
intended draught of water, would be pointed out by a delineated 
curve of sectional areas, described as before directed; but a 
want of that system, or of some other, has often caused an 
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error in the actual dranght of water^ and that under a great 
relatiye excess of the volumes of displacement in the fore and 
after portions of the immersed bodj. 

ExAMPLi:. 

The Men-of-war Brigs built in the year 1833 to a con- 
struction-draught of water of 12 ft. 9 in. forward, 14 ft. 4 in. 
abaft, giving 1 ft. 7 in. difference, had under such a construc- 
tion a difference of displacement between the immersed bodies 
under tlie fore and after half-lengths of the load-water line that 
was equivalent to 10*4 tons for every 100 tons of the vessel's 
total displacement or weight ; but these ships, when stowed 
and equipped for sea, came to the load-draught of water of 
14 ft. 2 in. forward, 14 ft. 3 in. aft. — difference 1 in. or an im- 
mersion of the fore extreme of 18 in. more than was intended 
by the constructor : the reason of this practical departure from 
the proposed line of floatation of the constructor was, that 
the internal space or hold of the ship necessarily followed 
the external form, giving a hold proportionate to the displace- 
ment contained under the several portions of the body, but 
an injudicious disposal of the stores (in placing the weights 
too far forward) made them more than equivalent to the up- 
ward pressure of the water at the respective portions of the 
proposed immersion of the body, and thence arose the error 
or excess in the fore immersion by giving a greater draught 
of water than was designed. The stowage of a ship's hold, 
under a reference to the representative area for the dis- 
placement, contained betw^een the curves of sectional areas 
developed for the light and load displacements, would prevent 
similar errors under any extent to which the relative ca- 
pacity of the two bodies might be carried. This relative 
capacity of the two bodies will affect the form of the ves- 
sel's extremes, giving a short or long bow, a clear or full 
ran to the rudder ; for the whole displacement being a fixed 
quantity y if the portion of it under the fore half length of the 
load-water line be increased, it must be followed, bg a propor- 
tionate diminution of the portion of the displacement under 
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the after half-length of the load-water Une, ea that i 
total volume of the dieplacement may remain the mb 
which arrangement will giye a proportionately full bow aa 
dean run, and vice versft. 



PART VII. 

dure of Seotional Areas, applicable to the CompariBon of the HelatR 
Qualitiee of Ships of the same Bate, will giye a Scale for Toonage d 
Displacement under auy Immersion.— Method of forming the Scales' 
Displacement. I 

The curve of sectional areas under the foregoing consideratioiis 
is also applicable to a comparison of the relative qualities d 
ships of the same rate, by showing at one view the distribit 
tion of the volume of displacement in each ship, under the 
draught of water which has been found on trial to give tk 
greatest velocity, based on which, deductions may be made 
from the relative capacities of the bodies pointed out by the 
sectional curves, that will serve to guide the naval constructoi 
in future constructions. 

The curve of sectional areas is also available for forming 
a scale to measure the amount of displacement of a ship to 
any assumed or given draught of water. To effect this, on the 
sheer draught or longitudinal plan of the ship between the 
load-water line, or that of deepest immersion, and the line 
denoting the upper edge of the rabbet of the keel, drawing 
intermediate lines parallel to the load-water line as denoting 
lines of intermediate immersion between the keel and load- 
water line — these lines may be placed equidistant from each 
other, but they are not necessarily required to be so. Find 
the curve of sectional areas, due to each immersion of the 
ship denoted by these lines, and measure the areas bounded 
respectively by these curves, in the manner as before directed 
for the load displacement — these results will give the magni- 
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mdes of the immersed portions of the body in cubic feet, 
vhich being divided by 35, the mean of the number of cubic 
feet of salt or fresh water that are equivalent to a ton in weight 
Till give their respective weights in tons. 

Assume a line of scale for depth, or mean draught of water, 
the lower part of which is to be considered the underside of the 
Mae keel of the ship, and set off on this hue, by means of a 
scale of parts, the depths of the immersions at the middle 
section of the longitudinal plan ; draw Hues (at the points thus 
obtained) perpendicular to this assumed line for depth or 
draught of water, |ind having determined a scale to denote the 
tons, set off on each line by this scale the tons ascertained by 
the carves of sectional areas to be due to the respective im- 
mersions of the body, then a curve passed through these points 
will be one on which the weights in tons due to the inter- 
mediate immersions of the body may be ascertained, or the 
displacement of a ship to the mean of a given draught may 
be found by setting up the mean depth on the scale, showing 
the draught of water — ^transferring that depth to the curve for 
tonnage, and then carrying the point thus obtained on the 
curve for tonnage to the scale of tons, which will give the 
number of tons of displacement to that depth of immersion or 
draught of water. 



PART VIII. 



Description of Fig. 8, or of the seyeral Plans to be delineated by the 
Draughtsman, previous to the Commencement of the Calculations. 



Sheer Plan, — A projection of the form of the vessel on a 
longitudinal and vertical plane, assumed to pass through the 
middle of the ship, and on which the position of any point in 
her may be fixed with respect to height and length. 

Half-breadth Plan. — The form of the vessel projected on 
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to a longitudinal and horizontal plane, assumed to pass 
the extreme length of ship, and on which the position of 
point in the ship may he fixed for length and breadth.. 

Body Plan. — The forms of the yertical and SLtkv 
sections of the ship, projected on to a vertical and atbvan 
ship plane, assumed to pass through the largest atliwartsk 
and yertical section of her, and on which plan the position (i 
any point in the ship may be fixed for height and breadth 

These plans conjointly will determine every possible pes 
required ; for, by inspection it will be found — 

That the sheer and half-breadth plans %ave 

one dimension common to both, viz, : Length. 
Half-breadth and body plane . Breadth. 

Sheer and body plane . * . Height. 

For sheer plan gives length and height •") f k 
Half-breadth plan gives length and breadth . C 
Body plan gives breadth and height •) 

Which dimensions form the co-ordinates for any point in tk 
solid, and must determine the position of it. 

The point c in the load- water section A B, of Fig. 8, has 
for its co-ordinates to fix its position, 

The Length, 1 .5 of the half-breadth plan. 

Height, 5.C of the sheer plan. 

And the breadth, 1 . c of the body plan of section. 

And the same for any other point of the solid or of the ship. 

In the sheer plan. Fig. 8, A B represents the line of 

deepest immersion, aa, bb,cc, dd, lines drawn parallel to thai 

line at a distance of 5 feet, making with AB an odd number of 

ordinates for the use of the first general rule for the area, where 

area = { A + 4 P + 2 Q} x ^, and A = the sum of the first and 

last ordinates. 
P ~ the sum of the even ordi- 
nates, as 2, 4. 
Q = the sum of the odd ordi- 
nates, as 3, &c» 
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The line A B, or length of the load- water line^ is bisected at 
C, and A C, C B are thence equal ; C being the middle point 
of tlie load-water line^ the spaces B C, AC, are again divided 
into four equal divisions, giving five ordinates for each space, 
at a distance apart of 5*5 ft. 

This arrangement will give the immersed body of the vessel, 
as being divided into two parts under an equal division of the 
load-water line, and an odd number of ordinates in each section 
of the body for the application of the first general rule given 
for finding the areas- of the vertical sections and thence the 
displacement. 

The half-breadth plan delineates the form of the body im- 
mersed for length and breadth, the line A B of the sheer plan 
being represented in the half-breadth plan by the Ime marked 
A B, and a a,b b, c c, d d, of the sheer plan by the lines simi- 
larly distinguished in the half-breadth plan. 

The body plan gives the form of the body in the depth, the 
lines distinguished 5.5 in the sheer and half-breadth plans 
being in the body plan developed by the curve 5.5.5, giving the 
external form of the ship at the section 5.5, the same reasoning 
applies to the other divisions of the load-water line A B. 



PART IX. 

Applicatioii of Sterling'B Bolee to the Calculations required for the Con- 
stmction Drawing of a Tacht of 36 tons. Old Measurement.— Fig. 8. Ist, 
Usual Mode of Calculating the Displacement by Vertical and Horizontal 
Sections. 

Fig. 5. 
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TABLE OF ORDINATB8 TOR YACHT OF 36 TONS. 


DiMinfoiah- ^ 
infNo.oT 

1' A 


1 
•4 

•3 
•25 
'^2 


2 

3-0 
2-4 
1-7 
10 
•4 


3 

5-0 
4-2 
3-2 
2-2 
1-3 


4 

60 
5-6 
4-4 
3-2 
2-0 


(5) 
6-3 
5-6 
5-0 
3-8 
2-4 


6 
6-1 

4'G 
3-4 
20 


' 7 
5-4 


a 

37 


9 
'4 


r ^ equal to th* &» 


2' P 
3'Q 
4' P 
5' A 


4-4 
3-4 

2-4 
1-4 


11 

V7 

11 

•6 


35 
'3 

-2 


^ m£ ft. 

r ^ tqual to the dJIt* 
between thi- « 

TULteS UJfii ^'■' 

Iftorizaa&tai send 
= 6-5 ft. 


From this table the following application of Sterling's ni 
No. 1, is usually made to obtain the volume of displaceim^ 
to the draught of water shown on the drawing as the loa^ 
water line or line of proposed deepest immersion, designaw 
on Fig. 8, PlateA, as AB. 

General terms of the rule :— 

Area = {a + 4P + 2q1 x -^ 

To find i the area of Vertical Section 1, Fore Body :— 
A = sum of the "1 -4 4 P = four times the sum of the "j -35 
first and last j *2 even ordinates, or of (2) V 

— and(4) . . J -25 
•6=A 



•60 =P 
4- 

2-4 =4 P 



2 Q = twice the simi of the odd 1 -3 = Q 
ordinates, or of (3) j x '2 

•60 = 2 Q 
Whence the area, which is equal to 

I A + 4P + 2q| X 7 = 

I -6 + 2-4 + -6 I X ^ 

= 1-2 X '92 = 1-104 = i area of Section 1. 
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^liich sum is half the area of the Section 1, and is kept 
liat form of the half-measurement for the conyenience of 
ulation. 

Fore Body. 

Vertical Section 2. 

1-7 
2 

3*4 =» 2 Q 



30 


2*4 


•4 


1-0 


3-4 == A 


3-4 «P 




4 
13-6 »4P 






3-4= A 




3-4 » 2 Q 




20-4 «A+ 4? -(- 2Q 




•92 «r 




408 




1836 




3)18-768 




6*256 == i area of Sectic 



Vertical Section 3. 

>0 4-2 3-2 

1-3 2-2 2 

3-3 = A 6-4 =P 6-4 ^2q 

25-6 = 4 P 
6-3 = A 
6-4 =. 2 Q 

38-3 = A + 4P + 2Q 
•92 =r 



766 
3447 



3)35-236 
11-745 « |a+4P + 2q1 X ^-4arcaofScction3. 
b2 
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60 
20 

8*0 » A 



Vertical Section 4. 

5*6 
3-2 

8-8 «P 
4 

35-2 ^ 4 P 
80 = A 
8-8 » 2 Q 

620 = A + 4P + 2Q* . 

•92 =.r 

1040 
4680 



3)47*840 
15-946 -{a + 4P + 2 



4-4 
2 

8-8 = 2 Q 



'>}'T-{ 



Section i 



Vertical Section 5. 



6-3 


5-6 


2-4 


3-8 


8-7 « A 


9-4 -P 




4 




37-6 = 4 P 




8-7 = A 




100 = 2Q 



50 
2 

100 = 2 Q 



66-3 = I 
•92 = r '" 



A + 4P + 2 



"} 



1126 
5067 



3)51-796 



yGooQle 



RUDIMENTARY NAVAL ARCH1TBCTURB. 



29 



Half areas of Vertical Sections, 1, 2, 3, 4, and 5. 



No. 1 


1104 ft. 


2 


6-256 


3 


. 11-745 


4 


15-946 


5 


17-265 



Displacement of the body under the fore half-length of the 
id-water line by the yertical sections, or the summation of 
e vertical areas, 1, 2, 3, 4, and 5, by the formula for the 
Lid, as being equal to 

-{^A' + 4P' + 2Q'| X g where A' « sum of l8t and 5th areas. 

P'^ M 2nd and 4ih areas. 
Q'^ II 3rd area, 
ad r' » distance between the yertical sections, or 5*5 ft. 



1. ., 

5. .. 



1-104 
17-265 

18-369 «A^ 



2. .. 6*256 
4. .. 15*946 



3. 



22-202= P' 
4 

88-808 =4 P' 
18-369 = A' 
23-490 » 2 Q' 



11*745 - Q' 
2 

23-490 »2Q' 



130-667= A' + 4P' + 2Q' 
5-5=1^ 



653335 
653335 

3)718-6685 

239-556 «A' + 4P' + 2Q'x — «cubic feet 
2 ^ of space in 

half fore-body. 

479-112 ^ cubic feet of space in fore body*. 
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Displacement of the body immersed under the after b 
length of the load-water line by the vertical areas 5^ 6, .' 
and 9 of the table of ordinates. 





Vertical Section 6. 




5, as Fore Body. 
17-265 


6-1 5-5 
20 3*4 


4-6 = Q 
2 




8'1«A 8-9»P 
4 


9-2»=2Q 




35-6-4? 
8-1 » A 
9*2 -2 Q 






52-9-A + 4P + 
•92= r 


2Q 




1058 
4761 






3)48-66B 






r rX ami 




16-222 =A+ 41* + 


2Q''y = {leS! 







Vertical Section 7. 



5-4 
1-4 

6-8= A 



4-4 
2-4 






3-4 = 
2 


Q 




6-8 = 
4 


= P 




6-8 = 


2Q 




27-2 = 
6-8 = 
6-8 = 


=4P 
=2Q 
= A 










40-8 = 
-92 = 


=A + 


4P 


+ 2Q 






816 
3672 








r 




3)37-536 


fi area of 
"1 Section/. 


12-512 = 


=A+4P+2Qx 


— = 
3 



r 
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Vertical Section 8. 

3*7 2-6 1-7=Q 

•6 11 2 

4-3=A 3-7- P 3-4-Q 
4 

14-8=4 P 
4-3 » A 
3-4=2 Q 

22*5»A + 4P + 2Q 
•92= r 

450 
2025 



3)20-700 



f-{ 



I ant of 



6-9 =A + 4P + 2Q>< T- 1 Section 8, 



Vertical Section 9. 



•4 -35 
•2 -25 


•3=Q 
2 


-6 = A -60= P 

4 


"^=2(; 


2-4=4 P 
•6= A 
•6=2 Q 

3-6=A + 4P 
•92= r 


+ 2Q 


72 
324 




3)3-312 





1-104 = A + 4 P + 2 Q X { =* ««»o^ Section 9. 
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Half areas of the yertical sections 5, 6, 7, S, and 9. 

Sections. Areas. 

5. . . . 17-265 



6. 

7. 
8. 
9. 



16-22 
12*512 

6-9 

1104 



Displacement of the after . body under the after half-length 
of the load-water line by the yertical sections or the sumisi^ 
tion of the immersed areas of the vertical sections 5, 6, T 
8, and 9 by the formula for the solid as being equal to 



where 



A' + 4P' + 2Q'>«^ 

A' » sum of the 5th and 9th areas. 
P' « „ 6th and 8th areas. 

Q' = „ 7th area. 



and r* = the distance between the vertical sections, or 5*5 ft. 



5. . 
9. . 


. 17-265 
. M04 


6... 16-22 7. .. 12-512 = Q' 
8... 6-900 2 




18-369 -A' 


23-120 = ?' 25024 =:2Q' 










92-480=4P' 
25-024 =2Q' 
18-369 = A' 




135-873=A' + 4P' + 2Q' 
5-5 = r 




679-365 
67-936 




3)747-3015 
/ 




249-1005==A' + 4P'+2Q'x 3 = 
2 Cubic ft. in ^ after bodjr 




498-2010 After body in cubic ft. of 
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Displacement of Fore Body hj Horixontal Sections. 

Horizontal Section l\ 

0*4 6-0 ^0«Q 

6-3 3-0 \ 

6-7«A' 90-P 10-0-Q 

36-00»4P 

10*00»2 Q 

6-70 « A 



52-70=A + 4P + 2Q 
5-5 «r 

2635 
2635 



3)289-85 
"^^aT4PT2Qx r-.jljSTnr. 





Horizontal Section 2f. 


•35 
5-60 


5-7 4-2 -Q 
2-4 2 


6-95= A 


81 »P 8*4 »2Q 
i 




32-4 -:4P 
8-4=2 Q 
5-95 » A 




46*75» A + 4P + 2Q 
5-5 «r 




23375 
23375 




3)257-125 




85-708= {a+4P + 2q"Ix -J - ^^ 




'b3 



area of 
Section 2/ 
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Horizontal Section 3'. 

•3 4-4 3-2 « Q 

50 1-7 2 

5-3=: A 61= P 6-4«2Q 

24*4=4 P 
5*3= A 
6-4=2 Q 



361 = A + 4P + 2Q 
5-5 =r 

1805 
1805 



3)198-55 



6618 =A+4P + 2Qx-^»i area of Section 3'. 
o 



Horizontal Section 4'. 



•25 
3-8 


3-2 
10 






2-2= Q 
2 


4-05= A 


4-2 = P 

4 

16-8 =4P 
4-05= A 
4-40= 2Q 






4*4=2 C 




25-25 =A + 
5-5 =r 


4P 


X 2Q 






12625 
12625 






3)138-875 






46-291 -A + 


4P 


+ 2Q 


r 
•^ 3 = ■ 
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Horizontal Section 5'. 

1-3 -Q 
2 

2-6 -2Q 



•2 

2-4 


20 
•4 


2-6 = A 


2-4 =P 

4 

9-6 = 4 P 
2-6 » A 
2-6 = 2 Q 

14-8 ^A + 4P + 2Q 
5-5 =r 






740 
740 




3)81-40 




27-13 « JA + 4P + 2< 



Displacement of tbe fore body under the fore half-lengtb of 
the load-water line by borizontal sections, or tbe summation 
of tbe borizontal sections of tbe fore body T, 2', 3', 4', and 5', 
by tbe formula for tbe solid, as being equal to 

{a' + 4P' + 2Q'} +yr 

wbere A' = sum of the I'st and 5'th ikm : 

F = ,, „ „ 2'nd and 4'th areas ; 
Q' -= i» i» ff 3'rdarea; 

and r = tbe distance between tbe borizontal sections or *92 ft.. 

Half areas of tbe Horizontal Sections 1', 2', 3', 4', and 5'. 

V = 96-61. 

r « 85-708. 

3' - 66-18. 

4' = 46-29. 

5' = 27-13. 
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Areu. 
1'... 96-61 
5'... 2713 
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123-74 « A' 



Areas. 
2'... 85-708 
4^.. 46-290 

131-998 « r 
4 

527-992 = 4 r 
123-740 « A' 
132-360 » 2 Q' 

784-092 = A' + 4P' + 2Q' 
•92 =r 



Areas. 

3'...66-18=Q' 
2 



132-36=20' 



1568184 
7056828 

3)721-36464 

240-45 ={a' + 4P' + 2Q'} X— = cubicft.ij 
2 *■ . ^ iforebodr. 

480-90 = fore body by horizontal sections in cote 
feet of space. 



Displacement, by Horizontal Sections of the body immersed 
under the after half-length of the load-water line, or by the hori- 
zontal areas 1', 2', 3', 4', and 5', of the table of ordinates. 



6-3 
•4 

6-7 = A 



Calculated areas of 1', 2', 3', 4', and 5'. 
Section I' x^fter Body. 
61 
3-7 



5.4 = Q 
2 



9-8 -P 
4 

39-2 = 4 P 

10-8 = 2 Q 

6-7= A 

56-7 = A + 4P + 2Q 
5-5 = r 

2835 
2835 



10-8 = 2Q 



3)311-85 
103-95 = AT4PT2Q x f « {I^J^^^/, 
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Section 2' After Body. 



5-6 
•35 

5-95 = A 


5-5 
2-6 

81 «P 

4 




32-40 =4? 
5-95 =» A 
8*80 := 2 Q 




4715 = A + 4P + 2Q 
5-5 = / 




23575 
23575 




3)259-325 




86-441 =A + 4P + 2Q 



4-4 «Q 

2 

8-8 » 2 Q 



Section 3' After Body. 



50 4*6 3*4 - Q 

•3 1-7 2 

5-3 = A 6-3 :» P 6*8 « 2 Q 

25-2 « 4 P 
5-3 - A 
6-8 « 2 Q 

37-3 »A + 4P + 2Q 

5-5 ^ r 



1865 
1865 



3)20515 
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Section 4' After Body. 



3-8 
•25 


3-4 
11 








2-4 = Q 
2 


405 = A 


4-5 = P 

4 

1800 = 4P 
405 ^ A 
4-80 « 2 Q 








4-8 = 2 














26-85 = A + 
5-5 = r' 


4P 


f 2Q 


r' 






13425 
13425 






3)147-675 


_ r iarea 
\Sectioi 




49-225 « A + 


4? + 


2Q X 


T 



Section 5' After Body. 



2-4 
•2 

2-6 = A 



20 








1-4 


= Q 


•6 








2 




2-6 
4 


= P 






2-8. 


-2Q 


10-4 


= 4P 










2-8 


= 2Q 










2-6 


= A 










15-8 


= A + 


4P + 


2Q 






5-5 


= r' 










790 




790 












3)86-90 




28-96 


={a+4P+ 


2q}x 


M 


iarea of 
Section 5'. 
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Displacement by horizontal sections of the after body under 
e after half-length of the load-water line, or the summation 
tlie horizontal sections of the after body, 1', 2', 3', 4', and 5', 
T the formula of the soHd, as being equal to 

{ A'+ 4P'+ 2Q' 1 X -^. 

Half areas of the Aft;er Horizontal Sections, « 
r, 2', 3', 4', and 5'. 







Sectiens. 


Areas. 






V . 


103-95. 






2' . 


86-44. 






3' . 


68-38. 






4' . 


49-22. 






5' . . 


28-96. 




Areas. 


Areas. 




1'. . 


. 103-95 


2'... 86-44 


3' 


y. . 


. 28-96 


4'. .. 49-22 






132-91 = 


A' 135-66 = P' 








4 






542-64 =4 P' 








132-91 = A' 








136-76=2 0' 






812-31 =A' + 


4P'+2Q' 






•92 = r 





Areas. 

. 68-38 ^Q' 
2 

136-76 = 2 Q' 



162462 
731079 

3)747-3252 

2491084=|a'+4P' + 2q| x j -cubic feet in 

^______^_^ half-after body by horizontal sections. 

498*2168= After body by horizontal sections in 
cubic feet of space. 
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Displacement. 



By Vertical Sections. 

Cubic Ft. 
Fore body (p. 29) 479*11 
After body (p. 32) 498*20 



By Honzontal Sections. 
Cubic Ft. 

Fore body (p. 36) 480-900 
After body (p. 39) 498*216 



Sum 977-30 


Sam 979-116 


Half 488*65 


Half 489-558 




Cubic Ft. 


By Horizontal Sections . 


. 979*116 


By Vertical Sections . . 


. 977*300 



Difference . . . 1*816 cubic feet. 

Cubic Ft. 

979*49 ^ capacity or displacement in cubic feet of space. 

The mean weight of salt and firesh water gives 35 cubic 
feet of space when filled with water, to be equivalent to a too 
avoirdupois ; thence the displacement in cuhic feet of space 
heing divided by 35 will give the weight of the volume 
displaced in tons avoirdupois; or 979*49 heing divided by 
35 gives 

5)979-49 



7)195-898 



27-985 Tons, the weight of the calculated 
' • immersed body in tons. 
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. PART X. 

By the usual Method.--Area of MidBhip or greatest Transverse Seotion.— 
Area of the Load-water Line, or Area of the assumed Plane of Deej)est 
Immersion.'— Capacity to the Inch at that Immersion in Cubic Feet, 
and Tons of 35 Cubic Feet of Space.— Longitudinal Distance of the 
Centre of Gravity of Displacement from Section 1, considered as the 
Initial Plane.— I^ance the Centre of Gravity is below the Load- 
water Line, or Line of assumed Deepest Immersion. — Distance of the 
Centre of Gravity of the Load-water Section from the Section 1 of 
Kg. 8. 

Area of the Midship Section, or of the Greatest 

Transverse Section of Fig. 8. 

Section at 5. 

1.1. ..6-3 2.2. .. 60 3.3. .. 4-8 = Q 

5.5. . . -2 4.4. . . 2-3 2 

6-5 « A 8-3=P 9-6-2 Q 

33-2 «4 P 
6-5=A 
9-6=2 Q 

49-3=A + 4P + 2Q 

1 '25 =-3- where r = the depth, from 1 to 5, 
divided by 4 = 5 ft. 



2465 by4 = l-25ft. 

986 
493 

3)61-625 



20 



541 = |a + 4P + 2q| X ^ =iarcaofmid. 
2 ^ J 3 shin section. 



ship section. 



41-082= Area of midship section without keel. 



Load-Water Line. 
Area of the load-water line or area of the assumed deepest 
plane of immersion, delineated in Fig. 8, Plate A, on the half- 
Digitized by CjOOQIC 
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breadth Plan, and marked by the curre A B. From ^ 
Table of Ordinates, p. 26, we have — 

•4 30 5-0 

•4 6-0 6-3 

— 61 5-4 

•8 « A 3-7 ^ 

'— 16-7 =Q 

18-8 == P 2 



4 

75-2 =r 4 P 

•8 = A 
33-4 =« 2 Q 



33-4 = 2 Q 



109-4 =A+ 4P + 2Q 
5-5 =r' 

5470 
5470 



3)601-70 

200-56 =|a+4P + 2q|x-=* areaoflwi 
— — ^ J 3 water line. 

200*56 = i area of load-water section in superficial feet. 
2 



401*12 = area of load-water section, which amount of am 
being divided by 12, will give the number of cubic feet oi 
space that would be contained in a zone of that area of so 
inch in depth, and that result being again divide by 35, as the 
number of cubic feet of water equivalent to a ton in weight, 
will give the number of tons that will immerse the vessel one 
inch at that line of immersion. 

Example. 
12)401-12 = area of Load-water Section in superficial feet. 

5)33-42 » cubic feet in zone of one inch in depth. 

7)6.684 

'955 = tons to the inch of immersion at the load- water 
— — line. 
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Centre of Grayitt of the Displacement. 
Estimated from Section I, considered as the Initial Plane. 



No.«»rftheAi«M. 


ftVertial 
Atom. 


MooMnto. 




ri. .. 


1-104 X .. 


000-000 


m 


2. .. 


6-256 X I 


6-256 


^^ 


3. .. 


11-745 X 2 


23-490 


I 


4. .. 


16069 X 3 


48-207 


£ 


5. .. 


17-265 X 4 


69-060 


t 


r«. .. 


16-222 X 5 


8M10 


6. 


7. .. 


12-512 X 6 


75072 




8. .. 


6-900 X 7 


48-300 


1 


.9. .. 


1-104 X 8 


8-832 



Moments plaeed in the Rule. 
Sum. = |a + 4P + 2q|x- 



000000 

8-832 


6-256 
48-207 
81-110 
48-300 


4P 

f 4 


23*490 
69-060 
75072 


8-832 « A 


167-622 » Q 
2 




183-873 « P 
4 




335-244 = 2 Q 




735-492 = 4P 

8-832 - A 
335-244 »2Q 








1079-568 « A + 
5-5 = *^ 


+ 2Q 




5397840 
5397840 






3)5937-6240 
1979-208 = { A - 


P^2q}I'- 



sum of the moments of half the displacement from section 1, 
in intervals of space of 5*5 ft. ; and the half displacement in 
cubic feet by rertical sections is 488*650 (p. 40) cobic ft. ; 
whence it is found, by dividing the moment 1979*206 by 
488*650, that the distance of the centre of gravity of displace- 
ment from the section 1 is as follows : — 
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488-65) 1979-208 (405 intemli from 1. 
195460 intenral - 5*5 ft. 



246080 
244325 



1755 theitsfore 405 x 5*5 » 22-27 ft 
■ distance of the centre of gravity of tk 
calculated immersed body firom I 



Depth of the Centre of Gravity of the DisPLAa 

MENT below the LoAD-WATER SeCTION. 





Fore Body 


Section. 


Areas. 


1' 




r96-61 


2' 


U 


85-708 


3' 


0.^ 


6618 


4' 


§ 


46-29 


5' 


£ 


2713 



After Body. 



Areas. 

103-95 
86-44 
68-38 
49-22 
28-96 



Sum of the Areas. 



200-56 

172-148 

134-56 

95-51 

56-09 



Moments. 
OOOOOO 
172-U8 
26912 
286-53 
224-36 



000-00 
•224-36 

224-36 



172-148 
286-530 

458-678 
4 

1834-712 
224-360 
538-240 

2597-312 
-92 

5194624 
23375808 

3)2389-52704 

796-509 



269-12 = Q 
2 



538-24 ==2Q 



- 4P 
= A 
-2Q 



A + 4P + 2 



'} 



A + 4P + 2 



"} 'T - 



sum of the moments of the half displacement calculated from 
the load-water hne : the half displacement hy horizontal sec- 
tions is 489*588 (p. 40) cuhic feet ; the sum of the moments 
of the half displacement 796-509 ft., heing divided by that 
quantity, will give the distance in intervals of -92 ft., the cen- 
tre of gravity of displacement is below the load-water line. 



yGooQle 



RUDIMENTARY NAVAL ARCHITECTX7RE. 



45 



Half solid of 
displacement. Moments. 

489-558) 796-509 (1-62 intervals of -92 ft. ; therefore 



489558 

3069510 
2937348 

1321620 
979116 

342504 



1-62 
X -92 

324 
1458 

1-4904 ft. sthe distance the cen- 

tre of gravity of the cal- 

culated immersed hody is be- 
low the load-water section. 



Distance of the Centre of Gravity of the Area of 
THE Load-water Section from Section 1. 

Distance! of them Moments ) being the Pro- 

in intervals of 5*6 ft. duct of the Ams by the 

fh>m Section 1. respective Distances. 

. . . 000-00 



No. of 
Section. 

1 
2 
3 
4 
5 
6 
7 
8 
9 



Ordlnates of 

Section 1 from 

the Table, p. 26. 

•4 

3-0 

50 

60 

6-3 

61 

5-4 

3-7 

•4 



1 
2 
3 
4 

5 
6 

7 
8 



30 
100 
180 
25*2 
30-5 
32-4 
25-9 

3-2 



The moments, for summation, put into the rule. 

00-0 
3-2 

3-2 ^ A 



30 
18-0 
30-5 
25-9 



10-0 
25-2 
32-4 




309-6 = 4 P 

3-2 « A 
135-2 = 2Q 



135-2 = 2 Q 



4480 = A + 4P+2Q 
5-5 «/ 



2240 
2240 

3)2464-0 

821-3 



-{ 



A + 4P + 2 



"l-T- 
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sum of the momente of the half area of the load- water sectk 
reckoned from 1 ; the half area of the load-water secdon e 
200*56 feet (p. 42) ; the distance^ therefore, of the centre ^ 
gravity of the load-water section from 1 will be fomid s 
interrals of space of 5*5 feet, by dividing the sum of th» 
moments by the half area, thus : — 
Half Area. Moments. No. 

200-56) 821-3333 (4-09 intervals, each 
80224 5-5 ft. in length. 

190933 
180504 



10429 



and 4*09 x 5*5 = 22*5 ft. gives the distance of the centre 
of gravity of the load-water section from section 1 of the 
drawing. 



PART XI. 

By the usaal Method.— Belative Capacity of the Bodies immersed under 
the Fore and After Lengths of the Load-water Line. — Per Centage cf 
the Bodies.— Height of the Metacentre as the OomparatiTe Measure of 
the Stability or Stiffness under Canvas of Vessels of the samte dimen- 
sions.^— Summary of the Results of the Calculations. 

Relative capacities of the bodies immersed under the fore 
and after lengths of equal division of the load-water line — 
By former calculations. 

After body immersed contains . 497*79 cubic ft. of space. 

Fore body „ „ . . 481*70 cubic ft. of space. 

Difference 16-09 = 

the excess in cubic feet of space of the body displaced under 

the after half-length of the load-water line over that under the 

fore-half of the same line — 

Sum of the bodies (by former calculation) or whole 1 070.10 
displacement in cubic feet of space (p. 40). .J ^'^'^^ 

equal to 9*7949 hundreds of cubic feet of space, whence 16*09, 
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:xe difference between the two bodies in cubic feet, being 
died by 9*7949, or the displacement expressed in terms of 
liuhdreds of cubic feet of space, will give the excess for 
ry hundred cubic feet of the whole displacement. 







Hundreds of Cubic Cubic Feet 




Feet of Space. of Space. 




9-7949) 16-09000 (16 


s Ratio of the excess of 


97949 


the after body of dit- 




placement over the fore 




629510 


body of the lame, de. 


587694 


noted by a per centage 




of the whole diipUoe- 


•41816 


ment. 



Metacentre. 

A Measure of the comparatiye Stability of a Ship, or the 

eight of the Metacentre above the Centre of Grairity of 

fidx 
Lsplacement estimated, from the expression f / — ^, in 

liich 
y = The ordinates of the half-breadth load- water section. 

dx = The fluxional increment of the length of the load- 
water section. 

D = Displacement of the immersed portion of the body in 
cubic feet of space. 



Ordinates from the Table. 



3-0 
50 
60 
6-3 
61 
5-4 
3-7 
•4 



Cubes of the Ordinates. 

00064 

27000 
125000 
216000 
250047 
226-981 
157-464 

50-653 
0064 
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Cubes placed in Sterling's Rule for Summatioi] of 
Area«(A + 4P +2Q)x j 



00064 
00064 


27000 
216000 
226-981 

50-653 


125-000 
25O-047 
157-464 


•128-A 


532-511 = Q 
2 




520-634 « P 
4 




1065 -022 — 20 




2082-536 = 4 P 

1065022 = 2 Q 

000-128 « A 










3147-686 = 4A-»-4P + 2Qt 
5-5 =r' I- J 

15738430 
15738430 


/y» 


3)17312-2730 
dx- 5770-7576 = |a + 


4P + 2q1 X y = 



summation of tRe cubes of the ordinates of the load-wstff 
section ; and the height of the Metacentre above the centre of 
gravity of Displacement is expressed by ^f— — * in which ex- 
pression y^dx = 5770*75 and D = 979-1 (p. 40) whence f x 
\^'^ = 3 -98 feet is the height of the Metacentre aboTe 
the centre of gravity of the Displacement. 
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Results of the Calculations. 

1st Method. 

Displacement in Cubic Feet of Space . . » 979*149. 

Displacement in Tons of 35 Cabic Feetl „, q»< 
of Water to a Ton | - -£7-»74. 

Area of Midship Section s 41-08 tuperfidal feet. 

Area of Load-water Line or Plane at the 1 ^ai .lo .— ^-«-:-i iu-* 
proposed deepest Immersion . . .| «^01 12 snperfioalfcet. 

Tons to one inch of Immersion at that 1 .n^- . 

Floatation .|--9Wton.. 

Longitudinal Distance of the Centre ofl 

Gravity of Displacement from Sec- y =« 22*22 feet, 
tion 1, Rg. 8 

Depth of the Centre of Gravity of Dis-I 

placement below the Load- water Sec- ^ sr 1*4904 feet, 
tion 

Distance of the Centre of Gravity of the 1 

Load-water Section from Vertical Sec- y ^22*5 feet, 
tion 1 « 



;}- 

lel 
c-|.»2 



Relative capacity of the After Body in excess 1 _ i ^ aq 
of the Fore Body in Cubic Feet of Space j"^^ ^' 

Per Centage on the whole Displacement . s:l*6. 

Height of the Metacentre above the Centre*) 

of Gravity of Displacement, estimated I o.no f^^ 

from the expression | f 1 — .' f 
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PAKT XII. 

Second Method.— The Calculations under the Form of a Double Colnmtt 
Table of OrdinateB.— Buplacement.— Area of Midship Section. — An \ 
of Load-water Line.— Position of the Centre of Ora^ity of Disptusr ■ 
ment.~Po8ition of the Centre of Qnmtj of the Load-water Sectioa.' 
Belatire Capacity of the Two Bodies under the Fore and After Half- 
length of the Load-water Line.— Height of the Metacentre. — C!oiitrast^ ^ 
Elements of the Vessel obtained under the Two Methods. 

The young Naval Architect has thus been led through tbe 
essential calculations on the immersed portion of a ship cons- 
dered as a floating body. The term essential has here been used 
under a knowledge^ that the table of results might have bees 
swollen to a small volume by a lengthened comparison of tlie > 
elements of the naval construction, such as the ratio of tbf 
area of the midship section to the area of the load-water 
section, and that of the area of the midship section to the cir- 
cumscribing parallelogram ; data that will always suggest 
themselves to the mind of an inquiring youth, and fomisb 
him with salutary exercise for his judgment, while the intro- 
duction of such comparisons into these rudiments might deter 
the novice from entering on a task that would thence seem to 
be involved in such voluminous results. For the second 
method of calculation, the table of ordinates is in two * por- 
tions, viz,y the fore and after bodies under the division of the 
load-water section into two equal parts, the length of such 
section being restricted to the distance from the fore-edge of 
the rabbet of the stem to the after-edge of the rabbet of the 
post. The enlarged tables are shown at pages 51 and 52, and 
the directions for the working of these tables have been given 
at page 1 1, observing only that the ordinates have not been 
herein inserted in red in these tables, as it was there sug- 
gested, to insure perspicuity and accuracy. 
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51 



14 
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O 



O 
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mmatlon 
of the 
ubes for 
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F.ySdx. 

0008S 
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OT 


IM 


e« 


p4 






ubes of 
e Ordi- 
atesof 
ad-water 
ection. 

OOM 


1 


1 


1 


(J. 






o5«3« 










1 




Moment 
for Centre 
of Gravity 

of Load- 
water Line. 

00000 


i 


§ 


8 
8 


8 

a 
















e 


'- 


M 


•0 


^ 


1- 






S 




8 




8 




8 




a 


s 








o 




« 




M 




S3 




«0 


8 


1817 


A 


























2 


•4 


0-20 


8-0 


1*50 


5-0 


2-50 


6-0 


800 


6-8 


816 










t* 




S 




8 




^ 




8 


r* 








o 




•« 




-* 




S 




M 


SI 


46^84 


2P 


•85 


0-70 


2-4 


4*80 


4*2 


8-40 


5-6 11'20 


5-6 


11-20 










S 




s 




» 




s 




S 


8 








o 




M 




« 




oo 




« 


S 


1805 


Q 


•8 


oao 


1-7 


1-70 


8-2 


8-20 


4-4 4-40 


5-0 


5-00 










s 




8 




s 




9 




S 


@ 








h 




ei 




e< 




w 






2 


25-24 


2P 


•25 


0-50 


1-0 


2-00 


2-2 


4-40 


8-2 6'40 


8-8 


7-60 
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•65 
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H 
Hi 

n 



2P 



5h 

O 



2P 



8 fe^- 









8-8 



7-eo 



2-4 1-20 



Functions 
of Vertical 
Areas. 
2815 



Multl- 

pliers for ' 

Solid. 






ililis 



9-4 



2-0 I'OO 



26-45 



2-70 



1-4 -70 



20-40 



8-7 



1-7 



6 -30 



11-25 



0-20 



1-80 



14.7 



Soxnoftfae 
Pnnctioos of 

Fore and 
After Bodies. 



1317;^^ 



H7-U}«4J 



18-65 18-05 1^'^ 



g:U}52(4l3 



s-as 8-70 ]• 'nfti 



110-75 217-25 ? 



f; 
















^-*— % 


II 


w.S'a 


s ^ 
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H 1 
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Eesults from the Tables. 

By modified nile. Area « |— + 2P + q| — 

And solid = areas for ordinates 1 _ /^'j.op' + cyl. 4. ?J^ 
summed by rule J""L2 *^ + ^j+ ^ 

Functions of the areas marked B = -|-- + 2P + qI 

'Function of the solid equal to B, placed in Sterling's Roles » 
/ + 2 F + Q' = E 

2r '2/ 
VThence displacement = E x -~- x -—, in the example r — '92 
' = 5-5. 3 3. 

2 r 2 r' 1*84 11 

Tlierefore ^ displacement = E x -— x -7- —Ex ~— x — • 

33 33 

20-24 

Value of E from the Tables by Vertical Sections. 

Table 1. . 106*50 ^ submultiple of the fore body by vertical sections. 
Table 2. . 11077 = „ after body „ „ 

217*27 — sum of the submultiples » E. 

1 J. , XT. 20-24 217-27x20*24 „, ,, ^^^, 
i displacement = E x = » 24-14 x 20*24 « 

488*5936 » ^ solid of displacement by the summation of the vertical 
2 areas given in cubic feet of space. 

5)977-1872 

7)195-4374 

27*92 ^ Displacement by vertical sections in tons of 35 cubic 
' feet of space. 



Value ofE from the Tables by Horizontal Sections. 

Table 1. . 106*50 » submultiple of the Fore Body by horizontal sections. 
Table 2. . 110*75 = submultiple of the After Body by horizontal sections. 

From whence the same results will be obtained. 
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Area of Midship Section. 

From Table 1. . 28*15 » Subxnultiple of the area of Section 5. 
1-84 » 2 r 



11260 
22520 
2815 

3)51-7960 

1 7*265 = i area of tbe upper space of the midship sectsx. 
3*275 B i area of the lower „ f, below di 

Rg.8. 

20*540 = ^ area of midship section. 
2 



41*08 



area of midship section. 



Area of the Load- water Line. 

From Table 1. . 26*35 = submultiple of the area of the fore body. 
From Table 2. . 28*35 = „ „ after body. 

54*70 = submultipleforthei area of the load-water line. 
11 = 2f^ 



3)601*7 



A 



2/ 




200*56 = i area =- + 2P + Qx-— - 



area of load-water line. 



•955 « tons per inch of immersion at the load-wat«r 
line. 

Position of the Centre of Gravity of Displacement. 
By Table 2. . . . 878*86 = Moments from Section 1. 

. . . . 217*27 = Corresponding Function of the Dis- 
placement. 
217*27)878*86(*404 Intervals of 5*5 feet, giving 4*04 x 5*5 = 
869*08 22*22 feet as the distance of the Centre 

— ■ of Gravity of the Displacement from 

97800 Section 1. 

86908 

10892 



andE. 
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EPTH OF THE CeNTRE OF GrATITY OF THE DISPLACE- 
MENT BELOW THE LOAD-WATER SECTION. 

y Table 2. . • . 353' 72 » Moments from Load-water Line. 

ad E 217*25 = Corresponding Function of the Dis* 

placement. 
217*25)353*72(l-62 Intenrakof 92 feet, giving 1*62 x -92 
217*25 =^ 1-4904 as the distance that the 

■ Centre of Gravity of Displaoement It 

136-470 hdow the Load-water Line. 

130*350 



61200 
43450 

17750 



Position of' the Centre of Gratity of the Load- 
water Line of Deepest Immersion. 

From Table 1. . . 26*35 ft. From Table 2. . 224*000 « Moments 
ff 2. . . 28*35 from 1st Section. 

Function for Area . 54*7 ) 224*0 ( 4-09 Intenals of 5*5 feet, giving 

218*8 4*09 X 5*5 » 22*495 feet as 

■■ the distance that the Centre 

5200 of Gravity of the Load-water 

4923 Section is from Vertical Sec- 

tion 1. 

•277 



Relative Capacities of the Calculated Immersed 
Bodies contained under the Fore and After 
Lengths of equal Division of the Load-watbr 
Line. 

feet. 
From Table 1. . Function for the Fore Solid . . 106*50 
From Table 2. . Function for the After Solid . . 110*75 



4*25 

Sum of the Functions .... 217*25 



The difference, 4*25 feet, expresses the excess in cubic feet 
of space of the body, displaced nnder the after half-length of 
the load-water line, over that under the fore half-length of the 
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same line, and the sum of the functions^ 217 '25, is equal t^ 
2*1725 hundreds of cubic feet of space; whence, 4 "25 fe& 
or the difference between the functions for the two bodies 
being divided by the function 2*1725, or the function for tk 
displacement of the calculated body expressed in terms c 
hundreds of cubic feet of space, will give the excess k 
every hundred cubic feet of that displacement. 

Function of 
Displace- 
ment in 

Hundreds Excess in 
of Cubic Cubic Feet 
Ft.of Space, of Space. 
2*1725 ) 4*25000 (1*9 ratio of the excess of the after 
2*1725 hody of calculation over tbe 

■ fore hbdy of the same, denoted 

207750 by a per-centage of the dis- 

195525 placement calculated by ^ 

Table of Ordinates. 

•12225 



Height of the Metacentre above the Centre of 
Gravity of Displacement. 

From Table 2. — ^The summation of the func- "| 
tions of the cubes of the ordinates for the v = 1573*843 
value of the f y* dx J 

The corresponding function for the solid . . =217*25 

from whence the height of the metacentre above the centre 

2 y^dx 
of gravity of displacement, expressed hy j- f -:=- is as follow: 



2r' 
3 
1573-843 X 11 17312-273 



f y3 dx = 1573*843 x y where r' = 6-5 feet = 

= 5770*75 feet. 



3 3 

2r 2r' 
(Page 52) 217*27 ^ Y ** V =* i displacement = 488*5936 feet, 

whence displacement or D = 977*1872 ; 

and thence 

Lft^^ Ix 5770-75 , 11541*53 _ ...g . ■ 
3 ' D ~ 3 "^977*1872 "" 2931-5616 ~ ^ ^" '^^• 
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Results obtained under the Two Methods of 
Calculation contrasted. 

Old Method. 2nd Method. 

Displacement in cuhic feet of space . 979*139 977*187 

Displacement in tons of 35 cuhic feet 

of Water to a ton 27*985 27*92 

Superficial ft. Superficial ft. 

Area of Midship Section 41*08 41*08 

Area of Load-water Line or Plane at 

the proposed deepest immersion . 401*12 401*12 

Tons to one inch of Immersion at Line 

of Floatation '9526 tons. *955 tons. 

Longitudinal Distance of the Centre of 

Gravity of the Displacement from 

Section 1, Fig. 8 22*22 ft. 22*22 ft. 

Depth of the Centre of Gravity of Dis- 
placement helow the Load-water 

Section 1*4812 ft. 1*4904 ft. 

Relative Capacities of the Bodies . 1*6 per cent. 1*9 percent. 

Height of the Metacentre ahove the 

Centre of Gravity of Displacement 3*98 ft. 3*98 ft. 



PART XIII. 

Method of forming a Curve of Sectional Areas from a Drawing of Ship. — 
Calculations for the Displacement from it. — Application of the Method 
to the Tacht of 36 Tons Admeasurement.— Relative Capacity of the 
Pore and After Bodies of the Yacht pointed out by the Curve. — Area of 
Midship Section of the same. — Curve of Sectional Areas used to obtain 
the Centre of Gravity of Displacement.— Application of it to the Yacht 
of 36 Tons Admeasurement. 



THIRD METHOD OF CALCULATION. 

Calculations on the Draught of the Yacht of 
36 Tons using the Curve of Sectional Areas. 

The load-water line, A B, in the sheer plan, Fig. 9, is di- 
Tided into two equal parts at the point C, and those equal 
parts are again subdivided at the points D and E ; at the 
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points C^ Df and E, thus obtained, the transTerse vertia 
sections of the vessel are delineated as shown b j Fig. 9. 

The length of the load-water line from the fore edge of t^ 
rabbet of the stem B, Fig. 9, to the after edge of the nl^ 
bet of the post A, is next drawn below and parallel t: 
the base line ST, Fig. 9, of the sheer plan, this line, FG 
becomes the base line of the curve of the sectional aresi 
The common sections of the transverse vertical sections a 
C, D, and E, (which will be straight lines,) with this hori- 
zontal and longitudinal plan, are drawn from their respective 
points of division, H, I, and K, in half-breadth plan^ Fig. 9. 
The areas of these transverse vertical sections at D, C, andE 
are then calculated by Sterling's Rules of 

Area = {A + 4P+ 2Q} x |={ g + 2P + Q } x ^; 
or,Area={A+2P+3Q}x|-r={A + p + i.5Qj^J,. 



Half Area of Transverse Vertical Section, at C, by Rule I, 
or,iArea= ||-+2P + q}.x~ 



1st. . 
Last. 


. 6-3 
•2 


2nd . 
4th . 


. 60 3rd.. 4-8 = Q 
. 2-3 




2)6-5 

3-25 =A 
2 




8-3 =P 
2 

16-60 = 2 P 
3-25 =4 
4-80 = Q 




24-65= J^+2P + q|i 








.83 = - 



7395 
19720 



20-4595 « II +2P + q1x j^=: 
i Area of Section C in feet 

Digitized by LjOOQIC 



RUDTMKKTARY NATAI« ARCHITBCTUKB. 59 

{ IM, or depth = 5*0 feet, whence —or, -^ = 1*25 = r = 

istance hctween the ordinates, and -r^= — ^ — =: -^ = 
83 feet. 

Half Area of Section C, by Rule 2. 
or,iarea- {A + P + 1-5Q } x J.r. 

1st. .. 6*3 P«00 5-6 2nd. 

Last .. -^ 3*05 3nl. 

2)6-5 8-65 « Q 

4-32 »iQ 



3-25 = A 



12-97 »1-5Q 



3-25 
12 



16-22 

5 «3r»CM«5*0il. 

4)81-10 
20-275 = iarea- {4" + ^ + ^'*^} ^T^' 

Half Area of the Tranayerse Vertical Section at £. 

Ist. .. 6-1) 2nd. ..4-2 3rd. .. 29 - Q 

Last... -2 4th. ..1-7 

2)5-2 6-9 - P 



* 11-8 -2P 

2-6 «^ 
2-9 » Q 

17-3 «A+ 2P +Q. 

BO 4*2 

EO, or depth = 42 feet, whence ^ = -j- = 105 =r=: 
distance between the ordinates, and ~ = — - — = -— = 

3 o 3 

7 feet; therefore. 
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Area= {y + 2P + q}>c y- 17-3 x •? = 12-11 =bi^ 
area of transyene yertical section at £. 

Half Area of the Transverse Vertical Section at D. 



Ist. 


.. 5-40 


2nd. 


.. 3-5 3rd . . 


Last. 


.. 0-2 


4th. 


.. 0-7 












2)5-6 




4-2 - P 




A 




2 




2-8 = -- 








2 




8-4 « 2 P. 
2-8 -4- 
1-46 « Q 

12-66 = § + 2 P + Q 



D N or depth « 5*8 feet whence "T" '^ V ^ ^^^ ^^^ ^ 
r = distance between the ordinates, and -^ = — - — = 
— = '97 feet ; therefore. 

Area - |:i2 + P+Q} xy- 12-66 x -97 = 
12*28 feet = half area of transverse vertical section at D. 

Half Areas of the Transverse Vertical Sections. 

Feet. Feet. 

fE = 12- 111 Divided by 5 as the depth assumed for r2*42 

At •< C = 20-20 y the zone, give the ordinates for the curve i 4-04 

L D == 12-28 J of sectional areias, as [ 2-45 

of which 2-42 is set off from H as H R, 4-04 ft. from I as I Q, 
and 2'45 ft. from K as K P ; the curve I R Q P G passing 
through the extremities P, Q, and R of the ordinates P K, 
Q I and R H is the curve hounding the area of a zone, which 
to the depth of 5 ft. for a solid, will give in cubic feet of space 
the half displacement of the immersed body, or the displace- 
ment of the yacht to the hue A B of proposed deepest im- 
mersion. 
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To measure this representative area, and from thence the 
solid, join the points Q, G, and I hy the straight lines Q 6, 
Q F, dividing the curvilinear area F R Q P G F into the two 
triangles QGI, QFI, and the two areas GPQG, FRQF. 
The triangles by construction are equal, and the area of each 

G I X Q I 
one of them is equivalent to , or the^ whole area 

GQFIG ^H-l^ x2 = GIxQIorFIxIQ, 

FI being equal to F G, each being the half-length of the 
same element, the load-water line or line of deepest immer- 
sion. The areas QPGQ, QRFQ, are bounded by the 
curve lines Q P G, Q R F, which are assumed as portions of 
common parabolas, and under such an assimiption their re- 
spective areas are equal to f of the circumscribing parallelo- 
grams, or the area QPGQ = |ofGQ x ar, and the area 
F RQF = f of FQ X X where x and x are the greatest 
perpendiculars that can be drawn from the bases Q G and Q F 
to meet the curves Q P G, Q R F. 



Fig. 9. Plate B. 

Example. 

Yacht of Thirty-six Tons. 

Displacement. 
Example. j 

A B by a scale of parts = 44 ft., whence F I or JF G equal 

AB A± 

— = -— ft. = 22 ft. ; ordinate Q I of the medial section = 
4*04 ft. ; and Q G = F Q being the respective hypothenuses 
of the equal triangles, Q G I, Q F I are each equal to 



>/^G%"q12 = >/ 22^ + 4042 = >/ 484 + 16-32 
= >/ 500*32 = 22*37 ft. and x by measurement with a scale 
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of parts = *6 ft. arid J also *6 ft. from which datse the In 
displacement in cubic feet of space will be obtained as folli 

Ai«a PQGIF«GI x IQ. Cabic i 

^PQG if"} - G I ^ IQ X * = 22 X 41 X 5 - 4510l| 
Area QPGQ»|ofGQ x jr 

^i2^QTG*Q}-*«^^Q-'-S=*-22.37x.6x5== 4474 1 
AreaFRQF -|ofFQ x ^ 

^^iVil } «# of F Q X y X 5 -f X 22-37 x -6 x 5 - 4474 

540-48 

or area of the triangle Q6I + area of the triangle QFI, 
+ area of the space QPGQ + area of the space FRQI 
= to the representative area F R Q P 6, which being muld- 
pUed by the assumed depth of 5 ft. for the zone of half dis- 
placement gives 540*48 cubic feet of space, which divided by 
35 as the number of such cubic feet that are equivalent to ton 
of medium water gives I 

5)540*48 1 

7)108-09 

15*44 tons for half displiEu^ement, 

and that the whole weight of the body is equal to 15*44 x 2 
= 30*88 tons = displacement to the line of proposed deepest 
immersion A B. 

Relative Capacities of the Bodies immersed under 
THE Fore and After Half-lengths op the Load- 
water Line, as given by the Delineated Gttrve 
of Sectional Areas. 

The triangles QGI and QFI being equal, the relative 
capacities of the fore and after bodies will be determined 
by the proportion that the area Q P 6 1 bears to the area 
QBFI, and as these areas involve two equal terms, or that 
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the base F Q = the base Q6, it follows, that the relation of 
these areas to each other will be expressed by the propor- 
tion that the perpendiculars x and al bear to each other. 
In the example given, the fore and after bodies or the dis- 
placements under the fore and after half-lengths of the load- 
water A B are equal ; as the perpendiculars x and (x! taken 
from the diagram. Fig. 9, on a scale of equal parts, are each *6 
of a foot. 

The area of the midship section is denoted relatively by the 
medial ordinate of the curve of sections Q I, and the full 
amount of it is obtained by multiplying the function Q I by 
the depth of the zone M. In the example : 

M = 5 ; Q I » 4*04 : then half area of medial section » 4*04 x 5 

5 

Area of midship section . . 20.20 



Centre of Gravtty of Displacement by the Curve 
OF Sectional Areas. 

An approximation to the common centre of gravity of the 
representative area of the zone, for the solid of displacement 
under the division of it into four portions, as shown in Fig. 9, 
may be obtained as follows : 

The centre of gravity of the two triangles, from their being 
equal, will be in the medial section Q I, and the common 
centre of gravity of the four portions of division will thence 
depend on the relative capacities of the parabolic portions of 
the representative area, and the positions of their respective 
centres of gravity. 

The position of the centre of gravity of each of the para- 
bolic portions of the representative area may be approximated 
to, by dividing the hypothenuse into two equal parts and 
drawing a line from the point of subdivision perpendicular to 
that line and meeting the curve of sectional areas ; the centre 
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of gravity of the respective portions may be then taken aloos 
this line at | of it from the curve, and its corresponding soHil 
of displacement may be considered in position at that centre, 
under which considerations the common centre of g^vitj of 
these parabolic portions may be found by equating the mo- 
ments of them from the centre of gravity of either of theio, 
thus in Fig. 10, under the division of the curve ,of sectioiui 
areas before given, if 

Fig. 10. 




A = fore parabolic portion of the representative area for 
the half solid of displacement. 

B = after ditto ; C, the fore-triangular portion of the same 
area, and D =r the after-triangular portion of it, and the 
hypothenuses E H and G E be bisected in the points I and M, 
and perpendiculars I K and M L be drawn from these points 
to meet the curve of sections G E H in the points K and L, 
then I of F K equivalent to K O, and I of L M equivalent to 
LN, will be the approximate distances of the centres of 
gravity of the parabolic portions of the representative areas 
from the curve G E H, taken along the lines K I and L M. 
Join O N and putting x for the distance of the common centre 
of gravity of the two parabolic portions, A and B from N, 
and considering the volumes A and B to be in position at their 
respective centres of gravity, the equation of moments will be 
as follows : 

a? X {A + B} = A X O N 

from which equation, if the value of O N, the distance, that 
the centres of gravity of the parabolic portions A and B are 
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tart, be measured by a scale of parts, and A and B be taken 
value, tbe cubic feet of space due to tbose portions, and these 
down quantities be substituted in the equation of moments, 
>r their several corresponding terms, the yalue of x maj 
e determined. Let a? =:,NQ, whence PQ, which is equal 
3 N Q — N P, is known, for which substitute a, then 

A + B} X a = moment of A + B from medial section, 
nd the common centre of gravity of the portions D and C is 
n the medial section, from which the common centre of gra« 
dty of A, B, D, and C, or of the half displacement from the 
nedial section £ F, may be found by the equation of moments. 

A + Bxa + D + GxO=i{A + B + D + C}x« 

orA + Bxa=»{A + B + D + C} x* 

(A + B} X a {a + B} X a 

Whence * = i L_2_?. « *^ i 

A + B + D + C ^ DUpUcemcnt, 

and the value of x thus obtained being set off on the straight 
line G H from the point F, will give the position of the centre 
of gravity of displacement. 

In the example given for the construction drawing of a yacht 
of 36 tons. 

From Fig. 10. 
A = 44-74 feet.. j^^^^^^B^8<j.48^ 
B « 44-74 feet./ , 

C = 225-50 feet. 
D « 225-50 feet. 
AndA + B + C + D » 540-48 feet, equal to the half dis. 

placement. 

L M = -6, whence L N = |-of LM= |.of -6 = 4, and 

K I = -6, whence KO = A of K I =|-of "6 = -4, 

and the points N and O are the positions of the centres of 
gravity of the curvilinear spaces G L £ G, £ K H £, whence 
N may be measured by a scale of equal parts, and from 
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thence P Q be determined. For by the equation of momeBis 
X X A+B = AxNO, where N O by measurement = 16 fei 
and dP = N Q, the point Q being assumed, 

NQxA + B = Ax NO from which by substitntiis 
NQ X 89-48 - 4474 x 16,orNQ= ^^^ = 8 feet, 

which 8 feet being set off from N along the line N O gi^ 

the position of the point Q, from whence, by measuremeii; 

P Q may be found equal to *75 feet = a of the formula, k 

which X, or distance of the centre of gravity of displacemof 

- ,, J. , ,. A + Bxa A + Bxa 

from the medial section = 



A + B + C + D i displacement, 
or, by substitution, x = \,J^,^ = '12 feet, the distance 

540*48 

the centre of gravity of displacement is before the medit 
section £ F. 



PART XIV. 



General Terma of the Curve of Sectional Areas when applied to NanI 
Construction. — Practical Operations under that System to the Yacht of 
36 Tons Admeasurement. — The Method applied to the Construction 
of a Frigate whose Displacement is 2,300 Tons. 

The Curve of Sectional Areas applied to Naval 
Construction. 

A consideration of the armament and its weight, of the 
number of men necessary to work and fight the ship, with the 
weight of the provisions and stores for the particular sendee 
on which it is intended to employ her, and the weight of her 
hull or fabric, when co*mpleted, will fix the amount of displace- 
ment to be given to a naval construction. 

The arrangement of that displacement, under the dimen- 
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sion of the length, breadth^ and draught of water, that have 
been determined on by the constructor, constitutes the theory 
of Naval Architecture ; and the proposed method will be 
found to facilitate, in no inconsiderable degree, the construc- 
tion of men-of-war and steam-vessels, and will form a regis- 
ter, by which, from observation and practical results, the best 
form to be given to them may eventually be determined. 

Hie displacement of the ship, under the considerations be- 
fore stated, having been decided on, — and the relative capa- 
cities, under the fore and after half-lengths of the load-water 
line, having been fixed, with reference to the stowage and 
internal arrangements of the ship, — the area of the vertical 
section, (" at the middle of the load-water line,") is next to be 
determined ; for which the following equation wiU hold good 
by the variation of the decimal part of it to the views of the 
constructor, or the peculiar service required of the ship ; as, 
under a given displacement, this element, the ''area of the 
immersed midship section," wiU regulate the degree of fulness 
of the bow and quarters of the ship : — 

Length on the load-water line, from the fore-part of the 
. rabbet of the stem, to the after-part of the rabbet of the post 
• multiplied by area of midship section multiplied by decimal 
fraction = displacement. As an example : the decimal frac- 
tion of '7 has been found to give the area of midship section, 
well adapted for frigates. Or, the equation to stand thus : — 

A i» -J !_• 1^ Displacement in cubic feet 

Area of midship section = = f — ~. — = =^ — . 

Length of load-water line x '7 

The area of the midship section having been determined, for 
the convenience of placing a curve of vertical sectional areas on 
paper, take a submultiple of that area, by dividing the half-area 
of the midship section by a quantity that will give a quotient 
less than the half-breadth of the ship, and call this the " mid- 
dle ordinate of the curve of sectional areas ;" or, of a curve, 
which will, under the length of the load-water line, bound an 
area, that, to the depth assumed, will form a solid equivalent to 

Digitized by CjOOQ IC 



66 RUDIMSNTARY MAYAL ARCHITECTURX. 

the half-solid of displacement. Next set-off the length ot i 
load-water line, under the points before given ; divide ik 
length into two equal parts ; and set up, at the middle tin 
obtained, the "middle ordinate of the curve of sections; 
complete the triangles, by joining the extremes of the lod 
water line and the extremes of the " middle ordinate of tk 
curve of sections ;' and find the areas of these triangles, whid 
are similar and equal by construction. The respective diffff 
ences between the intended half-displacements, in cubic fee| 
under the fore and after half-lengths of the load-water Ime, as 
the areas of these triangles will give the required areas to li 
developed under the curves on the hjpothenuse of each tria» 
gle, which shall, with the areas of the triangles, make up a sub* 
multiple of the half-displacement ; and the ordinates of tbes 
curves, measured perpendicularly from the base line, or linen-; 
presenting the length of the load-water line, will be submulth 
pies of the area of each transverse section of the immersed bodj. 

The proposed Method of Construction, stated ix 
General Terms. 

Let the displacement = D ; and take the difference of the 
respective capacities of the bodies, or the excess of the fore 
body over the afler body, under the fore and after half-lengths 
of the load-water line, as 4 per cent, of the whole displacement. 
Let ABC, Fig. 11, equal the length on the load-water line; 
B D = the " middle ordinate of the curve of sections ; " join 
A and D, D and C, thus completing the triangles A B D and 
D B C, which, by construction, are similar and equal. To de- 
termine the lines E F and G H, the abscissa of each curve re- 
quired, the following equations must be eliminated. The half- 
displacement, represented as an area of a zone to a common 
depth assumed, is to be bounded by a curve A H D F C and 
the base ABC, the length of the load-water line ; and the 
part D B C F, under the fore half-length B C of A B C, is in 
excess of the part D B A H, under the after half-length A B of 



yGooQle 



The area D B A H . 



RUDIMENTARY NAVAL ARCHITECTURE. 69 

the load-water line A B C, by 4 per cent, on the half-displace- 
ment. Or, 

-« ^««™ D4DD D26D 

TheareaDBCF. . . « _ + -^=~ + .^«~-. 

-^ JID^JD D 24D 

• "■ 4 "" 400 " 4 100 "^ 100 ' 
Tbe area DECF. .=|EFxT)C\if considered to approximate 
The area DGAH. .»|6HxADj to a common parabola. 

By constructioD, area DECF- area DGAH =-7;iT;r=-TK7rl-^ ^V*5*^ 
^ 200 100 j fore body 

of displacement is to exceed the after body by 4 per cent, on the whole 

displacement. 

Also, by constmction, area D E C F + area D G A H =^ ~ —twice area 

of the triangle C B D, or A B D. 

Or,|EFxDC-|GHxAD=i^=.|^(l). 

|EFxDC + fGHxAD=^(2areaof triangle CBD) (2). 

Or, by adding 1 and 2 together, | E F x D C ^-ttwT + Y "" ^^ "** 
of the triangle CBD). 

In which equation E F is the only unknown quantity, and the 
value of it can thence be easily determined ; and, when found, 
if substituted in equation, 1 or 2, the value of G H, will be 
known. The dimensions for the abscissa of the curves being 
thus fixed, the respective positions of them along the hypothe- 
nuse of the triangles C B D or A B D, will remain to be de- 
tennined by the views of the constructor, as on the position 
chosen depends the character of the bow and quarter of the 
ship. DE = |ofDC, andD G = |ofDA have been 
found to give a curve of sections ADC, which is best adapted 
for a man-of-war, under the present stowage and internal ar- 
rangements. The curve of sectional areas is then made to 
A H D F C, pass through the points A, H, D, F, and C, form- 
ing the representative area of the zone for the half-displace- 
ment. 

Tlie constructor has next to delineate, according to his ideas, 
the load-water line, and the form of the midship section, en- 
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dosing the area proposed to be immersed ; and haYing doe 
whicb^ the load-water line will form the bomidaiy of the M 
ordinates of the respective areas of each transrerse section d 
the immersed body ; and the areas given hy ihe curve ^ 
sections will develop the form of them ; and the bodies (ffs 
and after) will thence be balanced, and the required displace- 
ment ensured. 

Curve of Sectional Areas and Zone of Displaci- 

MENT APPLIED TO THE CONSTRUCTION OP THE YaCHT 
OF 36 TONS ADMEASUREMENT. 

The whole displacement was taken at 30*88 tons of mediuic 
water of ,'35 cubic feet to the ton. 
Giving the whole displacement as 1080*96 cubic feet of space, 
and the half ,, as 540*48 „ „ 

Length on the water-line assumed to be 44 feet. 

Breadth 12*6 feet. 

The area of midship section taking as being equal to 

Cubic Feet. Superficial Fe^- 

Displacement ^ 1080*96 ^ .^.^ 

Length of Load-water Line x *6 44 x '6 

The capacities of the Fore and After Bodies were made equal; 
Or, Fore Body = 540*88 cubic feet of space. 
After Body = 540*88 „ „ 

Whence 270*44 = half fore body in cubic feet of space. 
270*44 = half after body „ 
20-45 = half area of midship section. 
6*3 = half breadth. 

Dividing the half area of the midship section by 5, as the 
depth of the zone, gives 4*09 feet for the " middle ordinate of 
the curve of sections," and 5 becomes the multiple for the re- 
presentative areas or the depth of the zone. 

44 
The length of the load-water line divided by 2 == -I ft. =22 ft. =P I or 

FG. (Pig. 9, Plate B.) The representative area Q I G or Q I F=lLlIQ 
- ^^ ^/'^^ « 11 X 4*09 = 44*99 feet. 
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Cubic Ft. 
The zone or solid under Q I G ^^ QIG x 5 » 44'99 x 5 » 224*95 
The half fore body equals . . . 270*44 

Difference 45*49 

being equal to the solid under the parabolic area Q P G Q. 



The length of the hypothenuse Q G by calculation = >/ 2? + 4*09' 
= V 484 + 16*72 = s/ 500*72 - 22*37 feet. 

To find the yalue of the abscissa x of the parabolic area 

Q P G Q, subsitudng the foregoing yalues in the equation. 

D 2D r 

(P. 69.) I of Q G X 4? X depth of zone = — +-777^ — 2 4 area Q I G 

i 100 L 

X depth of the zone, or f 4? x 22*37 ^^^~o " ^t ^^ of Q I G x 5 

2D 

as ■ is equal to nothing, there being no difference between the bodies ; 

whence i» % 22*37 x 5 == 540*48 - 449*90 
447*4 X ^ » 3 X 90-58 
= 271*74 

and^ = ?Il:?f = .6. 
447-4 

The value of af is the same ; the portions of the displace- 
ment under the fore and after lengths of the load-water line, 
or line of deepest immersion, having been assumed equal ; the 
positions of x and af along the hypothenuses Q G and Q F 
have in this example been taken at \ of each respectively, or 
of Q G and Q F from Q, the curve traced through the points Q, 
and the extremes of a? and a/, (p. 61,) will be the boundary of 
an area representative of the surface of the half solid of dis- 
placement, under a zone 5 feet in depth ; and the ordinates of 
that curve, multiplied by 5, will give the areas of the re- 
spective vertical and athwartship immersed sections at each 
position, thus : — 

P K measures, by a scale of parts, 2*45 feet ; which, multi- 
plied by 5, gives 12*25 feet as the area of the immersed 
section O of the sheer plan ; and the curve descriptive of 
the form of the body at the station having been delineated, 
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following the form of the midship section enclosing tbr 
area, and the constructor having done the same for consecati^ 
sections, he will have furnished sufficient data to enahle tk 
draughtsman to fair the design, in which he will Ixave ensmt 
the correct amount of displacement assumed hy him, and 
distribution of it under the fore and after lengths of the loiii^ 
water line that will be in accordance with his proposed 
arrangements for stowage and form. 

Proposed Method of Construction, appi^ied to i 
Particular Example. 

Frigate of 2,300 tons moulded displacement. 

{Displacement = D = 2,300 tons = 80,500 cubic feet of 35 » 
the ton, and half-displacement = 40,250. 
Length on the load-water line assumed = 172 feet. 
Breadth „ „ = 46 feet. 

Cubic ft. 

Then area of mid- 1 ^ Displacement ^ 80,500 

ship section J Length of load-water line x "7 172 x -7 

Taking the relative capacities, as before stated, of 4 per cent. 
on the whole moulded displacement, will give on the 2,300 
tons, 92 tons. 



The half-displacement . « 1,150 tons 
The half-diflference ofl _ 
the Capacities . . J 



46 



Sum . . . 1,196 « Capacity of fore body. 

Difference . 1,104 = „ of after body. 

Whence ... 589 = i fore body =DFCB. 

552 = I after body =DHAB. 
Or, 20,930 cubic feet for -J fore body, each ton being considered 
equivalent to 35 cubic feet of space. 
19,320 cubic feet for i after body. 
Half-area of midship section = 334 feet. 
Half-breadth . . . . = 23 feet. 

Dividing the half area of midship section by 30, gives IM ft. 
for the " middle ordinate of the curve of section," and 30 be- 
comes the multiple for the representative areas or depth of 
the zone. 
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\e length of the load-water line diyided hy 2 = 86 ft. « A B or B C. 

^ or 477-3 ft. 



le xepresentatiyeareaABDorCBDs 

Iiich multiplied by 30 gives 14,319 ft. for the displacement 

r 'tlie triangular portion of the zone. 

And the displacement of half-fore body . . ^ 20,930 cabic ft. 

Area of triangle DBC » 14,319 „ „ 

Difference equal to the representatlTe area -— ^— - 
bounded by the curve D E C F . . . = 6,611 cubic ft. 

riie length of the hypothenuse D C, by calculation == 87*8 ft. 
To find £ F, substitute these values in the equation : 

JLeF X DC =—+15 -2 (area of triangle ABD or CBD), 
3 2 100 ^ * 



EF X 87-8 X 30 



{- 

^2 



2D 



100 
4 EF X 87-8 X 10 « 40,250 + 1,610 
E F X 3,512 = 12,889 
OrEF « 3-76 feet. 



) - 2 (area of triangle ABD), 
28,638. 



AndtofindtheTalueof6H,wehaTe}ofEFxDC-|GH x ADs 



= I 3-76 X 87-8 x 30 - I G H x 878 x 30 = 1,610 
2 3-76 X 87-8 x 10 - 2 G H x 878 x 10 = 1,610 
6602-56 - 



2D 
100 



1,610 = 1,756 X G H, or G H =» 1???^^ = 2-84 ft. 



1756- 

Or GH =2-84 ft. nearly. Also, D E | of D C = | of 87*8 « 58-7 ft. for 
the position of the abscissa, F E, from D on the line D C. 

A consideration of this groundwork of a simple and certain 
method of construction, will cany conviction of its utility and 
great capability. The demonstration of it is not strictly true, 
in the mathematical sense of that word ; but it is founded on 
that rock ; and when the method is practised, it will never 
deceive, and will very materially Ughten the labours of the 
naval constructor. 

Fig. 11. 

D 

F 
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PART XV. 

Preliaiiiuffy Eemarks.— Methodi of Oaleoktioii for ibe Aiemm of tiie &■' 
—Method of finding the Centree of Grairitj of Sails, and 
the Pontbn of the Centre of Bffort of the MoTing Force or the ^ 
of a Ship. 

Haying made the prindpal calculations on the immeTs^ 
portion of a ship or her displacement, the quantily of sail iQ( 
its distrihation, or the moTing force required with relation^ 
the form of the vessel, is the next subject that demands ^ 
attention of the Naval Architect. To pass through the nfis 
that envelop the theory of resistances with which this pu^ 
of the science, the area of sails, is connected, will not b^ 
attempted in this rudimentary work, as such attempts wooH 
he highly speculative, not within the assumed attainments (^ 
the novice, and would, moreover, yield results of but littk 
practical utility, and thence would be unworthy of the iss^ 
which must be bestowed on their development. 

A plan of the sails having been delineated by tk 
draughtsman, the areas, centres of gravity, and centre o: 
effort, or the centre of pressure of them are found in the 
following manner. 

Area of the Sails that are in Form Trapezoids. 

A B C D is a trapezoid, the 
side A B being parallel to C D, 
and is of the form of the top- 
sails, courses, and what is termed* 
the square-sails of a ship. This 
figure is divided into two tri- 
angles by the diagonal A D, 
and to find the areas of these 
triangles, the perpendiculars. 
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C E and B F to A D, are drawn from the apex of the respec- 
tive triangles A C D and A B D, under which construction the 

Area of the triangle A C D = , 



Area of the triangle A B D = 



AD X BF 

2 ' 



and the Area of the whole figure A B C D = 

AD + CE ADxBF ... CE+BF 
+ — =AD X . 



Area of the Sails that are Triangles. 

In jihs, fore-topmast stay- sails, and all sails triangular 
in form, the areas are found hy multiplying the hase into 
the perpendicular to that base, drawn from the apex of the 
triangle, the product being divided by 2, or area = 

base X perpendicular from the apex to the base. 
2 



Area of the Sails that are Trapeziums or Qua- 
drilaterals THAT HAVE NOT THEIR OPPOSITE SiDES 
PARALLEL. 

A B C D is a trapezium, and is 
the form of the driver or boom- 
mainsail of a ship and that of the 
mainsail of a cutter, and fore and 
afl sails of schooners. A B C D 
is divided by the diagonal A C 
into the two triangles, ABC and 
ADC; B F and D E are drawn 
perpendicular to A C from the 
points B and D of these triangles, 
from which construction the area 




ABC = 



AC X BF 



- and area A D C = 
d2 



AC X DE 



and the 
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1.1 A»/^Tk ACxBF AC 

whole area A B C D = - — ^ + 



BE 



AC.{^-^^} 



The sum of the areas of the sails, which in form are c 
prehended hy the three examples given, will be obtsii' 
hj the smnmatioD, under the methods laid down^ of all : 
areas delineated in the plan of the sails. 

To FIND THE Centres of Gravity of the Saiu 

When of a triangular form, as the jih and fore-topms? 

stay-sail, &c. 

Fig. 14. 




Let A B C he a representation of the required sail, t^ 

bisect A C in E, join B and E, when | of B E = B G- 

distance of the centre of gravity of the triangle ABC from I 

which call G, or centre of gravity of the sail. 

When of the form of a trapezoid, as the top-sails,, courses, 

and top-gallant-sails, &c. 

A B 

Fig. 15. 




Let A B C D represent a top-sail of the form of a trape 

)y Google 
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zoid, A B being parallel to C D ; join A and D, diyiding the 
trapezoid into the triangles A C D and A B D ; bisect A D in 
the point E, and join C and £, B and £ ; then the centre of 
gravity of the triangle A C D will be at the point F which is 
I of C £ set-off from C, and the centre of gravity of the 
triangle A B D will be at the point H which is i of B £ from 
B, and the area of the triangle A C B as before shown is 

equal to « *°^ *^® *^®* °^ *^® triangle ABD = 

2 where C I and B K are perpendiculars from the 

points B and C of the triangles on the base A D, and the 
whole area A B C D = 

ADxBK AD X CI . _, rBK + CIi , 
2 + 2 = AD X I 2 |whence 

we have the moments from H, as, area ofABCD x GH 

= area of AC D x F H, or A D x {^^y-^} x GH 

_ AD X CI 

= 2 '^ F H, 

.i.^TT TITT ADxCI 2 

orifGH = ^,a? = FH x -^ ^ _____ ^ 

p -- ^ ^ , = distance of the centre of gravity of the area 

A B C D from the point H, the centre of gravity of the 
triangle ABD, being given in position. The same formula 
will apply to the sails that are trapeziums. 

Centre op £ffort op the Sails. 

The areas of the sails and the positions of their centres of 
gravity having been individually determined by one of the fore- 
going rules, the centre of effort of them is usually found by 
assuming, but not necessarily so, an initial plane at the fore ex- 
treme of the load-water line, from this plane (which will be re- 
presented by a line on the drawing) the distances, by a scale of 
parts, are taken to the respective centres of gravity of the several 
sails shown on the drawing, which distances when multiplied 
into the respective areas of those sails, give the moment of each 
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sail from the assumed plane : and the sum of these momef 
being diyided by the sum of the areas of the respectiye 
or the total area of sail, will give the distance of the m 
mon centre of gravity of the sails from it. This is suppc^ 
that the centres of gravity of the respective sails sm 
situated on the one side of the assumed plane ; should 
contrary be the case, and that some of them are on t£ 
reverse side of the plane, then the difference between the 
ments of those which fall on either side, divided as before^ 
the whole area of sails, will give the distance the cojbm 
centre of gravity of them is from the initial plane. T^ 
gives the position of the centre of effort of sail with respee 
to the length of the load-water section. To find its hei^ 
from that plane, the load-water section, take from the drawk 
of the sails, by a scale of parts, the height of the centre i 
gravity of each sail from the load-water line ; this distance k 
each sail, multiplied by the area of the same, will gire 't 
moment of height from that plane ; and the sum of 
moments for all the sails, being divided by the whole ant 
of sails, will give the height of the centre of gravity of thac 
from the load-water line. The position of the centre of efibi'- 
of the sails will thus be fixed ; for the centres of gravity ot 
the same systems of areas having been ascertained for lei 
and height, it follows, that the point in the which they meet 
is the common centre of gravity of that system, and theoc« 
the centre of effort of the sails which it represents. 

Application op the Rules for Calculating the 
Area op the Sails and the Position of the Centri 
OP Effort of the Sails, to a Yacht op 36 Tons. 

In Fig. i6, Plate E, or a Delineation of the Sails, 
A B C is the Jib. 
D E F is the Fore-sail, 
G I K H is the Main-sail. 
H G H is the Gaff Top-sail. 
L M O N is the Mizen. 
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These sails haying been seyenllj diyided for calculation as 
directed by the Rules. 

A' B' the representatiye plane from which the moments for 
the position of the centre of effort lengthways are reckoned. 

Area of Sails. 

Feet 

Jib = ^L-Jl:l - 25-4 X 17-4 = 441-96 - ^l£JLH. 
2 2 

Fore^ - 36xlV4_ _ jg ^ ^^.^ _ ^^j^ _ BDF_x_E_G 



Main-^ul = 50-4 x?i±lH:?= 25-2 X 37-4- 942-48 -GK x (ii±5P. 

^^^} = 151^8 , ,,., , ,,.3 „ ,,,.,„ . ^iJ^ 



Mizen =30-4 x ^1±2L^ - 15-2 x 29-6 - 449-92 , I'O x M c + Na 



2457*26 ^^^^ 0^ Sails in 
_^_ Superficial Feet. 



Positions of the Centres of Gravity of the Sails. 

Jib « I of B P from B = f of 17-4 feet = 11-6 feet from B = y. 

Fore-sail = | of £ Q - f of 18 » 12 feet from E » r. 

• Main-sail^Triangle GIK^foflR^fof 28*2 = 18'8 feet from I := W. 

Maiii.8aa,Triangle6HK=|ofHR:=|of 13»V«8'8feetfromH>=y. 

Common Centre! 
of Gravity of I WV x IS ^ 138 x 25 _ 3^5 ^q.o^ f from V 

Main-sail or f =" i s + HT 25-0 + 12-4 "~37-4 ' L = «• 

GIKH J 

Gaff Top-sail » | of GZ » | of 19*8 feet » 13*2 feet from G » «. 
Mizen i TriangleLMO»f of M6 »| of 21 :=14ft.fromM. 
orLMON J TriangleLNO=|ofN6»|of 10=^6*6ft.fromN. 

Common centre of grt^\ ^<^ x Mc 10-4 x 20 208-0 ffromO 

vityofmizen orLMON J Mc + Nrf 20 + 9-6°' 296 ' ""•*[ = p, 

n 0, by measurement, « 10-4 feet. 
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Centre of Effort from A' S'. 



SaU. 



Jib 



Areas. 

441*96 

Fore-taU.. 197*20 
Maio-sail. 942*48 

G-fftop. J 425*70 

Mizen .. 449*92 



PotltlOBI Of 

the CcntTM 
of Gravity. 



Moments. 
972-312 to 



A' v.* 

-= 2*2 - 

» 12*0 » 2366^400 add 
« 32*0 » 30159*360 add 

« 260 » 11068*200 add 

» 600 « 26995*200 add 



be 



subtracteLl 

A: 



Area - 2457*26 



70589-160 
972*312 



2457*26) 69616*848 (28-33 ft. firomA'B 
491452 = Moments^ 

■ sails £noiD A'i 

2047164 
1965808 



813568 
737178 



763900 
737178 

26722 



Centre op Effort from Load- Water Line. 







Position! of 


X>Utanee»from 




Safl. 


Area. 


the Centres 
of Orarity. 


LoMl-water 
Line.* 


Moments. 


Jib 


441*96 


y 


18-0 


. 7955*28 


Fore-sail .. 


197-20 


r 


160 


. 3155-20 


Main-sail . . 


942*48 


u 


= 25-0 


. 23562*00 


Gaff top-sail 


426*70 


» 


52-8 


. 22476-96 


Mizen 


449-92 
2457-26 


P 


15*0 
2457* 


. 6748*80 


Area = 


26) 63898*24 (25*9 ft. 










491452 



1475304 
1238630 

2366740 
2211534 

155206 



* These distances are measured by a scale of parts, from the plans of the sails beiiif 
iquare distances of the centres of gravity from the initial plane A' B'. 
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From which results the position of the centre of effort of 
the sails may he determined^ there being two co-ordinates to 
fix the place, the one measured from A' B' parallel to the 
load-water line, and equal to 28*3 feet ; the other on a per- 
pendicular to the load-water line, and equal to 25*9 feet; and 
the point where these intersect, marked thus, 0, on the plan, 
denotes the position of the centre of effort. 



PART XVI. 



Scale of Capacity for the Yacht of Thirty-six 
Tons Admeasurement. 

On the Sheer Plan, Fig. 8, Plate A., according to the direc- 
tions given at p. 22, A B heing the load-water line or the line 
of deepest immersion, b b and dd are drawn parallel to A B, 
and these lines denote the immersions to which the displace- 
ments are calculated to form the proposed scale of capacity. 

The curve of sectional areas for the immersion A B has heen 
descrihed. Fig. 9, Plate B, and from thence the zone for the' 
displacement has heen calculated (p. 62), and found to be 
equal to 30'88 tons. 

Displacement to the Immersion (b b), by Curve of 
Sectional Areas, and Zone formed by it. 

To obtain the equal spaces of division required for the use 
of Sterling's Rules, take a scale of parts, and keeping one of 
the divisions of it well to the base Une of the area to be mea- 
sured, move the scale to meet the extreme ordinate of the 
area at any equal number of divisions of the scale, then the in- 
termediate equal divisions will give points through which, if 
lines be drawn parallel to the base line, the area will be divided 
into an even number of spaces, and the ordinates will be an 
odd number for the use of the first rule given by Sterling. 
d3 
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Half Area of the Vertical Section 2, Fig. 8, Plate A, 
when immersed to the depth of 6 6» or 2*1 ft. 

lit . . 2*25 2nd . . 1-35 3rd . . 0-00 ^ Q 

5th . . '20 4th . . 000 

2)2-45 1*35 = P 

2 



1-22 -A 



2-70 « 2 P 

1-22 

000 



122-4- 



3-92 = ~ + 2 P + Q 
2 



the depth heing equal to 2*1 ft., and the number of eqoal 
divbions being taken as two> giving 3 as the number of or- 
dinates, the spaces between the ordinates will be equal to 

— 2 

9*1 2 V* 2 2#* 

•g- « r of the formd||ii^hence y = — - — , or — will equal 

whole depth _Ji\ . 
3 - -J = 7feet. 

With ^ve ordinates, under the same rule, -^ ^iU equal 
=^2lL^ with seven ordinates ^' = !!!!2!^. 



3-92 =-2" + 2P + Q 

•7=^ 

' 3 



2-744 = Y^+2P + Qx^ = i Area of Vertiol 
— Section 2. 
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alf Area of the Vertical Section 3, when immersed to the 
depth of b b, or 2*4 feet. 

3-7 30 215 - Q 

-2 1-15 6)2*4 » depth at 3. 

2)3-9 415 = P '^"T 



1-95 «A 



8*30 » 2 P 
1-95 -A 
2*15 = Q 

"l740--f ■*"^^'^* 
•4 -^ 



9r 



4-96 -A + 2P+Q -y ^iAxttk€iib»Yet~ 
a ^ tical Section 3. 



Half Area of the Vertical Section 4, when immersed to the 
depth of b b, or 2*75 feet. 

5*0 40 2.8 « Q 

•25 1*5 6)2*75 = depth it 4. 

2)5*25 5*5 « P '^fi "• T 

A 2 

2*62 «— 

2 ij.Qo « 2P 

2*62 - A 
2*80 = Q 

9852 
6568 

^ Area of Vertical 



7^-4..2P.Qx^'-{*^^:f 
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Half Area of the Vertical Section 5» when immersed to tk 
depth of b b, or 3* 1 feet. 

5-4 4«5 3-1 = Q 6)3-10 = depthaij 

•25 1-55 2r 

-516 = -^ 

2)5-65 605 « P ^ 

^ 12-10 - 2 P 

2-82 = 4 

2 

3*10 » Q 

18-02 - — + 2P + Q 

10812 
1802 
9010 



9*29832 



-^ + 2P+ O V 2r_ fiAreaof Va 
T ^^^y""l Sections 



Half Area of the Vertical Section 6, when immersed to the 
depth of b b, or 3*5 feet. 
4-3 3-6 21 = Q 6)3-5 = depth at 6. 



2)4'5 


4-7 =P 


2-26 = A 


2 


2 


9-4 = 2 P 




2-25=^4 




2-10 = Q 




13-75— + 2P+ Q 




-1 






11000 




6876 



7-9750 =A+ 2 P + Q X — « / * ^'^ ®^ ^^«^ 
- 2 3 I Section 6. 
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silf Area of the Vertical Section 8, when immersed to the 
depth of b b, or 4*2 feet. 

6)4*2 - depth Its. 



2-05 
-20 

2)2-25 



112 = 4- 



105 -60 = Q 

•35 

1-40 = P 
2 

2-80 » 2 P 

M2 « 4 

•60 « Q 

752«4 +2P + Q 

■'-¥ 



— 2r 



3164 =ii+2P + Q X 
2 



¥-{* 



Area of Vertica 
Sections. 



Formation of the curve GDh, hj these areas, or the deli- 
neation of the curve G D L of the curves of sectional areas, 
Plate C, as the representatiye area of the zone of displace- 
ment to the immersion b b, the depth of the zone being taken 
as three feet. The points L and G in the base AB, which 
form the endings of the curve G D L, are obtained from Fig. 8, 
Plate A, by squaring down the intersections of the line b b, 
with the fore-edge of the rabbet of the stem, and afler-edge of 
the rabbet of the stem-post, the line A B being the length of 
the load-water line ; under similar limits, therefore, L G equals 
the length of the water b b, of Fig. 8, Plate A. 



Number of the 
2 


Half Areas ot 
the Vertical 

Sections. 
Feet. 

2-744 


DiTisor. 
3 


Ordiiuiteafor 

the Curve of 

Sections. 

•914 


3 


4-916 




1-638 


4 


7-553 






2-517 


5 


. 9-298 






3-10=FD 


6 


7-975 






2-658 


8 


3-164 






1-054 
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Results obtained from the Cuire of Sectional Ajneas fann« 
on the base L G. 

LeDg[th of the water line 4 »« 42*8 ft. whence F L =» F 6 »:^=2H:. 

A #*!. w T^ ^ vT^T FL X FD 21-4 X 3-1 

Area of the Fore Triang^ FD L » = 

2 2 

FL X FD 21-4 X 3-1 
ZoneandertheJlreaDFLai x 3 = x 3 = 

99*51 cubic feet of space. 

jlrea of the After Triangle FDG« = 

« J Av A T^mr. FD X FG . 3-1 X 21-5 

Zone under the Area D F G = x 8 ■* x 3 = 

2 2 
99*96 cubic feet of ipace. 

Fore Hypothenuse D L « >/ iTf"!^ + DF^ « V 21-4 * + ?i'- 

>/' 467-57 - 21-62 feet. 

Fore Parabolic Area contained under the hypothenuse D L and Ha 
curve = D L x { of the maximum perpendicular on D L » 21-62 x | 
of -3. 

Zone under that area » 21-62 x | of '3 x 3 » 12-972 cubic feet 
of space. ^ 

After Hypothenuse D G = VFG* + DF* « >/ 2^5* + sl* «= 
^/ 471-86 « 21-72 feet. 

After Parabolic Area contained under the Hypothenuse D G and tiie 
curre is equal to D G x •) of the maximum perpendicular on D 6 - 
21-72 X I of -5. 

Zone under that Area » 21*72 x f of -5 x 3 » 21*72 cubic ftA 
of space. 

Whence, for the Half Displacement to the Immersion b 6, 

Cubic Feet. 
Fore Zone under the Fore Triangle FD L s 99-51 
After Zone „ „ After „ FDG « 99-96 
Fore Zone under the Parabolic Area . = 12*97 
After Zone „ „ » * » » — 21-72 



5)234*16 cubic ft. 

7)46-83 

6-69 = 
Half Displacement in tons of 35 cubic feet of space, and 6*69 x 2 
13-38 tons ss Displacement under the immersion bb. 
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T^ISPLACEMENT TO THE ASSUMED IhMBRSION d d. 

Fig. 8, Plate A. 

Half Area of the Vertical Section 3 to the depth of dd, 

or *65> considered to be a Triangle. 

Base or Breadth of the Horizontal Section if if at 3, as thown feet. 

on the HiOf-breadth Plan, Fig. 8, Plate A . . . » M5 

I>epthat3, taken from the Sheer Plan, Fig. 8, Plate A . » *65 

575 
690 

Prodoct of these tiro . « 7*475 
^Tbich, divided by 2, giyes 3*73 feet for the Half Area of the Yertkal 
Section 3, nnder the immenion if il. 

Vertical Section 4. 

Considered as a Triangle, then the 

feet. 
Base as similarly taken for (3) . . . » 2*0 
Depth „ „ . ...» 1*0 

Product of these quantities — 2-0 
Which, diyided by 2, giyes 1*0 foot for the Half Area of the Vertical 
Section 4, nnder the inmiersion if if. 

Half Area of the Vertical Section 5, when immersed to the 
depth dd, or 1*35 feet. 
2-65 2*15 1*5 » Q 6)1*35 » depth at 5. 
•20 100 2r 

2)2-85 315 « P ^ 



T^=4 — 

^ 6-30 = 2 P 



2 

^ t 
A 



142 - ^ 
1*50 « Q 



9-22«y •<r2P + Q 
2r 

1844 

1844 

A „„ ^ 2r f * Area of Vertical 

2-0284 «--+2P + Qx^«J Section 5, nnder the 
■ L immeiiion if d. 
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Half Area of the Vertical Section 6, when immersed to tbt 
depth dd, or 1'7 feet. 

205 1-55 100 « Q 6)1-7 = depth at! 

•20 -60 2^ 

— — ——^ '283 = — 

2)2-25 215 « P 3 

2 



"n^»4i 



2 4-30 = 2 P 

112 = A 
100 « Q 

6-42 « Y + 2P + Q 
2r 

1926 
5136 
1284 



^"77717 A 2r r i Area of Vertical 

1-81686 =--. + 2P + Qx— =^ Section 6, under th 



, under the 
L immersion dd. 

Half Area of the Vertical Section 8, when immersed to the 
depth dd, or 2*4 feet. 

•75 -55 -4 = Q 6)2-4 = depth at 8. 

— — ^'l^?! 

2)95 -85 = P 3 

2 



•475=4 



1-70 = 2P 
•475 = A 

•400 = Q 

' A 

2-575 = Y + 2P+ Q 



rrrr X 2r f* Area of vertical 

"~~~" ^ L immersion rfrf. 
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Di8tineuiahinf( 

Number of the 

Tertical Sections. 


Half Areas ot 
the Vertical 


Divisor. 


Owtinates ftw 

the Curve of 

Sections. 


3 


Feet. 
•7475 


1 


•74 


4 


1-0000 


. 


. 10 


5 


. 20280 


. . • 


. 202 =FE 


6 


. 1-8168 


• • • 


1-80 


8 


. 1*0300 


• . . 


. 103 



Results from the Carve of Sectional Areas formed by these 
Ordinates^ considered as circumscribing an Area representa- 
tive of the Half Displacement under the immersion dd of 
Fig. 8, Plate A. 

Plate C. 

Length of the load.water line at the immersion dd ^ 39*35 FK » 
18*5 and HF» 20-85 feet. 

A **!, u. rp. 1 T^T^TT ^^ X FE 18*5 X 2*02 
Area of the Fore Triangle FE K =» » • 

^VA 1 A X, A KF X FE , 18*5x2*02 , 
Solid, or Zone, under such Area» x 1 ss x 1 

«= 18*685 cubic feet. 



Area of the After Triangle HFE » 



HF X FE 20*85 x 202 



2 



2 



o .'A r, J V A HF X FE , 20-85 x 202 , 
Solid, or Zone, under such Areas x 1 = x 1 

» 21058 cubic feet. 



After Hypothenuse HE .= V HP + FE^ = n/ 20^' + 2^' = 
Vl38^ - 20-95. 

After Parabolic Area » E H x f of the maximum perpendicular on E H 
^ 20-95 X f of -6. 

After Zone, or Solid, under that Area =» 20-95 x | of -6 x 1 » 8*380 
cubic feet^ 

By measurement with a scale of equal parts, the Hypothenuse for the 
Fore Parabolic Area equals 15-8 feet. 

Whence Fore Parabolic Area =» 15-8 x f of -5 ; where *5 is the maxi- 
mum perpendicular on the hypothenuse. 

Fore Zone, or Solid,, under that Ariea » 15*8 x | of -5 x 1 » 5*26 
cubic feet. 

The division of the curve of sectional areas into four por- 
tions^ viz., two triangles and two parabolic areas, points out, in 
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this case, that the fore triangular area exceeds the area re- 
quired hj the fore parabolic area, and that thence the solid 
will be under a similar excess ; in summing these portions for 
the amount of half displacement, the solid under the fore pa- 
rabolic area must be subtracted from the sum of the three 
other portions, or the half displacement under the immersion, 
ddw]l be obtained from the foregoing calculations hj adding 
together the following : 

Zone, or Solid, under Fore Triangle . 

ft 11 11 After ff . . • 

,« „ under After Parabolic Area . 




And subtracting 

Zone, or Solid, under the Fore Parabolic Area 

42-863 = 
Half Displacement in cubic feet of space to the immersion dd; whence 
42-863 X 2 == 85-726 = whole Displacement in cubic feet of 
space due to the immersion dd, 
which, divided by 35, or 5)85-726 



7)17-145 

2-45 gives 2-45 tons Displacement 
to the immersion dd. 

Under these results, to form a scale for tonnage, proceed as 
described in page 23, hj assuming C D on the scale of tons, 
Plate C, as a line of scale for depth or mean draught of water, 
the lower part of which, D, is at the same depth as the under- 
side of the false keel of the vessel amidships, and delineate 
on this line, C D, a scale of parts ; on this scale set off the mid- 
ships depths of the calculated immersions, or those at 55 
section. Fig. 8, Plate A ; draw lines at the points thus obtained 
perpendicular to this scale of depth, as F G, H I, K L, M N, 
and draw E A parallel to C D, the lower point £ being con- 
sidered as at the depth of the underside of the false keel, and 
thence on a level with the point D of the scale of parts ; from 
the point A in E A (assumed as convenient) draw a line A B 
parallel to F G, and on it form a scale of equal parts for tons, 
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shown in the scale for tonnage, Plate €» to be numbered to 
S t;ons : in this Fig., F E corresponds to the immersion AB 
5 5> or amidships, HE, to the immersion of 6 6 at 55« or amid- 
^ips, K £, to the immersion of dd si 55 or amidships, and 
L S to the immersion of the keel : the calculated displace- 
lents due to these respective immersions are as follow : — 

To the immersion for A B, or Load-water Line . . 30*88 Tons. 

„ ib „ 2nd „ . . 13-98 „ 

„ „ „ dd „ 3rd „ 2*45 „ 

„ „ of the keel „ „ . • '66 „ 

These displacements are set off on the scale A B, as shown 
LTi the Pig., Plate C. 

Where AR = 30-88^ 

A P - ^2-45 r P"^ ^^^ ^^^ of Tons; 
AO « -66 J 

and the points R, Q, P, and O, thus determined, are squared 
down to meet the lines F G, H I^ K L» and M N, drawn square 
to the line G D in the points G, I, L, and M, when a curve, 
passed through those points, will form a scale of tons for the 
displacement to any assumed or real immersion considered as 
the midship immersion ; thus, should the displaced volume or 
tonnage be required at a mean immersion o£ 5 feet, a line 
must be drawn from 5 on the scale for the mean draught of 
water amidship, Plate C, parallel to F G, to meet the curve 
E N L I G in some point S, which point S being squared 
up to the scale for tons, will cut the scale in the point V, as 
denoting 19*8 tons, which will be the volume due to that im- 
mersion ; the same for any other point of required immersion, 
and thence, conversely, may be determined the increased draught 
of water the vessel would draw on additional weights being 
placed in her. The yacht being at a mean draught of water 
amidships of 4*3 feet, it is required the additional immersion 
that will ensue from her taking on board six tons of ballast ; 
at 4*3 feet immersion, the scale, Plate C, gives A Q on the 
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line denoting the tonnage, or 13*98 tons ; to which, if the six 
tons required to he placed on board be added, the sum will be 
1 9*98 tons, which will give the point V, on the scale for tons, 
which point squared down gives the point S in the curve 
E N L I G ; and that point being transferred to the scale C D, 
gives 5 feet as the immersion which the increased weight 
placed on board will cause, or that six tons would at the mean 
draught of water of 4*3 feet, immerse the vessel bodily -7 feet, 
or 8^ inches nearly. A similar process will giye the weight 
required to be taken out of the vessel, to bring her up to any 
giyen or assumed draught of water ; as, from 5 feet to 4*3 feet, 
which would involve a process the converse of that given for 
the addition of six tons. 



PART XVII. 



An Example of the Comparison of the Forms of Ships, by the Curve of 
Sections being applied to the Vertical Sections of her Majesty's Ship 
Vanguard, of the Tear 1885, and the French Canopus, of the Tear 1786 ; 
and a farther Application of the Curve of Sectional Areas to the Light 
and Load Displacements of the same Men of War ; with a view of show- 
ing their relatiye Capacities for carrying Weights, and to facilitate their 
Stowage, as pointed out in page 17. 

The Plate D is descriptive of the longitudinal sections of tie 
ships, the athwartship vertical sections being throvm down on 
them at their respective stations, to show the forms of the 
ships, the curves or form of them being to the outside of the 
plank of the bottom. The areas to the water lines for light 
and load-water displacements are then measured by Rule 1, as 
follows : — ^A B being the load-water line, and D C the light- 
water line, of H. M. S. Vanguard. 
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Yanguard. — Load Displacbment. 
Midship Section, or Vertical Section 3, Plate D. 

12)21-6. {^P^ 



a)28-6 



26-9 
23-8 
17-6 

7-2 



25-6 
21-2 
13-2 



14-3= A 
2 



600 « Q 



2r 



75-5 = P 
2 

1510 = 2P 
14-3 =4 
600 =z Q 



225-3 «-^ + 2 P + Q 
3 



18024 
2253 



2r 



405-54=:-2-+2P + Q x^«- 



" i Area of Midship 
Section when 
immersed to the 
load draaght of 
water, A B. 



27-2 

•8 

2)28-0 
14-0 = - 



Vanguard. Vertical Section 2, Plate D. 

12)21-4»{^5>*»> 



27-0 

24-2 

18-4 

80 



26-0 
21-8 
14-0 



77-6 = P 
2 



61-8 » Q 



w.--? 



155-2 = 2 P 
61-8 = Q 

140 = ^ 

8 



2310 « J^ + 2 P + Q 
1-78 «?1 



1848 
1617 
231 

411-18 . 



.^+2P + Qx?I.- 



" i Area of Vertical 
Section 2, when 
immersed to the 
load draught of 
water, AB. 



y Google 



94 



RUDKMBKTARY NAVAL ARCHITECTURE. 



Yangoftrd. Vertical Section I, Plate D. 



25-4 
•8 

2)26-2 

131 . 



23*8 
19-4 
12*80 
5-20 

61*20 '• 
2 



122-4 «2P 
13-1 «A. 
47-24 » Q 



220 

16.04 

9*2 

47-24 « Q 



12)21-2«{^ 



1*76=^ 



182-74 ^■Y+ 2P + Q 



1-76=^ 



109644 
127918 

18274 



321-6224 «4-*" 2P +Q x-|l: 



i Area of Vertical 
Section 1 , when im- 
mersed to the load 
draught of water, 
AB. 



Vanguard. Vertical Section 4, Plate D. 

12)22-0= j^Pj^ 



27-2 




26-4 


25-2 


*80 




22-8 


19-6 






15-8 


11-2 


)28-00 




6-2 






A 




660 = Q 


1400 = 


T 


71-2 - P 
2 

142-4 = 2 P 
14-0 = A 
66-0 « Q 








212-4= A 


+ 2P+Q 






1-83 =¥ 








6372 








16992 








2124 






388-692 = A 


2r 
+ 2P + QX — 







1-83 = ¥ 



fl Area of Vertical 
I Section 4, when 
i immersed to the 
I load draught of 
Lwater,AB. 
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Yangoard. Vertical Section 5> Plate D. 



24-60 
•80 

2)25-40 



2300 
16-20 
8-80 
300 



12-7 «-v 5100 «P 
2 




20*20 
12*80 
5-80 

38-80 « Q 



12)22-20- j 



depth 
oTft. 



TTs.'i 



153*50 » 


2r 


2P 


+ 


Q 


1*85 = 


B — 

3 








7675 










12280 










1535 











2r 



283-975 =A + 2P + Qx-2- = 



iAretofVertictl 
Section 5, when 
immened to the 
load dnnght of 
.water, A B, 

from these half areas, the curve £GF of sectional areas, form- 
ing the representatiye area for the zone of half displacement, 
is formed in the following manner : take £ F, Plate D, paral- 
lel to the lower edge of keel, and equal in length to where tho 
load-water A B of Vanguard cuts the fore edge of the rabbet 
of the stem and afler edge of the rabbet of the post, and to 
the line A B square down the positions of the vertical sections 
1, 2, 3, 4, and 5, of the Sheer Plan, Pkte D ; then for the 
representatiye ordinates of the curve of sections to the load-dis- 
placement at those stations, we have the following estimated 
data :— 



Distinguiihisg 
Number of the 


Half Area of 
Vertical 
Sections. 


1 . 


. 321-62 


2 . 


. 41M8 


3 . 


. 405*54 


4 . 


. 388*69 


5 . 


. 283*97 



Diviaor. 
30 



Ordinates 
for Curre. 

Feet. 

10*72 

13*706 

13*518: 

12*956 
. 9*465 



HG 
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which ordinates are set off from £ F on their respective Sh 
tioDS 1.1, 2.2, 3.3, 4.4> and 5.5, giving the points fortk 
curve EOF, and the area EOF bounded by that curve aoi| 
the line E F. E F bj measurement = 1 86 ft.^ whence £ H an^ 

F H are equal to -2- = 93 ft., and the whole area E G F wte 

divided into the four portions ; the triangle F H G, tiisL^^ 
E H G, parabohc area under the hjpothenuse Q F, and th- 
parabolic area under the hvpothenuse G E, can be thus ntunf 
rically determined : — 

Area of the Triangle F H G == Area of Triangle E H G = ?iL!ilf ; 
whence the sum of the Areas FHEandEHG«^£H x HG. 

Or, the Areas of the Triangles FHG + EHG = EH x HG = 
93*0 ft. X 13-518. 

And Solid, or Zone, under such Area»93*0 x 13-518 x 30=37715-220 
cubic feet of space. 



Hypothenuse EGorFG= VEH^ + HG^^ V 93-0* + 13-52' = 



a/ 8649-0 + 182-79 = ^/ 8831*79 = 93-97 feet. 

Area GKFG»-|FG x maximum perpendicular on F G, (p. 61,) = 
I of 93-97 X 6-0. 

Solid, or Zone, under lo^un • j«-i ^« 

the Area GKFG | = *o^FGx maximum perpendicnlar on F G x 

30= 2 X 93-97 x 6-0 x 10=11276-4 cubic feet of space. 

Area ELGE = fofEG x maximum perpendicular on E G, (p. 61,) 
= f of 93-97 X 4-6. 

Solid, or Zone, under 1 Q^«n _• j-i «r. 

the Area ELGE r^fo^EGx maximum perpendicular on E G x 

30 « 2 X 93-97 X 4-6 x 10 = 8645-24 cubic feet of space. 

From which is obtained the following summary for the dis- 
placement to the immersion AB^ or load line of the Vanguard. 
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} « 37715*22 

11276*40 

8645-24 



Solid or Zone under the Areas FH6 -»- EHGin 
il>ic feet of space 

Solid or Zone under the Fore Parabolic Area G KF 6 1 

1 cixbic feet of space . • . .J 

Solid or Zone under the After Parabolic Area £ L G£ 1 



./ = 



Diyided by 35- as the number 
of cubic f^t equal to a Ton. 



5)57636*86 
7)11527*37 



1646*76 Tons. 
= ^ Displacement of Vanguard, and 1646*76 x 2 » 3293*52 Tons = 
whole Disphiccment to a draught of Water | ^"^ ' ' 24. J ^' 

Ldght Displacement of Vanguard by the Cunre of Sectional 
Areas^ and Zone for the Solid to the Draught of Water. 





Afore ...» 16*25 feet 
Aft . . . = 18*5 „ 






Half Area of Vertical Section 1 . 


20-8 
•8 

21-6 

10*8 = 


18*2 15*2 
120 8*4 

4*6 

23*6 - Q 
. 34*8 * P 

-Y ' 

69-6 = 2 P 
10*8 « ~ 
23-6 = Q 

104*0 = y- + 2 P + Q 

.... .£ 

416 
624 
104 


9)14-8 = depth 




r 1 Area of Vertical 

Spctinn 1 wh^n inia 




170-56«^ + 2P + Qxy=- 


mersed to the light 
draught of water 
DC. 
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Half Area of Vertical Section 2. 



25-2 
•8 

260 

130 « 


A 

s 


23-4 

17-6 

8*2 

49-2 = P 
2 

98-4 « 2 P 
13-0 « 4 
34-2 -= Q 


20-8 
13-4 

34-2 = Q 






145-6 = 4 


+ 2P + Q 






.'-¥ 








10192 
1456 





9)15*4 = depth 



fi Area of Verticai 
Section 2, whenim- 
mersed to the ligLr 
draught of water. 



Half Area of Vertical Section 3. 

25-8 23-6 20-6 9)16 « depth 

•8 17-0 120 

1-8 =2r 
2)26-6 



23-6 

17-0 

7-0 

47-6 = P 
2 


20-6 
120 

32-6 = 


95-2 =2P 
13-3 = 4 




32-6 = Q 




14M =4 + 


2P+ Q 


--¥ 




11288 
1411 





{i Area of Vertical 
Section 3, when im- 
mersed to the light 
draught of water. 
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Half Area of Vertical Section 4. 



25-2 

•8 


23-2 

16-0 

6-2 

45-4 = P 
2 

90-8 - 2P 
130 - 4" 


20 
11-4 

31-4 - Q 


182- ir 

3 


)26-0 


130 « ~ 










31-4 « Q 




• 




135-2 - 4" + 


2P + Q 






1-82 =£r 








3 

2704 
10816 








1352 




" i Area of Verticil 




246064 -^+2 


P.Qx|^==- 


Section 4, when im- 
mened to the Ught 






^draught of water. 




Half Area of Vertical Sectio 


n5. 


20-4 
•8 


17-4 
9-8 
3-4 


13-6 
6-2 


9)16-8 » depth 
1-86 - 2r 



2 



2)21-2 19-8 = Q 

A 30-6 - P 

10-6 =-T- 2 



61-2 = 2P 
10-6 = A 
19-8 = Q 

91-6 = A + 2P + Q 

1-86 = 2r 

3 

5496 
7328 

r i Area of Vertical 

170-376 =A + 2P + Qx£!:=»J ^^^°" ^ ^J^^ ™- 
____. 2 3 I niersed to the light 

L draught of water. 

£ 2 
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From these half areas, the curre N M O of sectional areas, 
forming the representatiye area for the zone of the ludf-Iigh: 
dispkcement, is formed in the following maaner : — squall 
down the points N and O to the line E F, such points bein^ i 
where the light-water line D C, in the Sheer Plan, Plate D, 
cuts respectively the after edge of the rabbet of the stem post 
and fore edge of the rabbet of the stem, the positions of tk , 
Tertical sections 1, 2, 3, 4, and 5, remaining the same as for 
the load displacement ; then, for the representative ordinate 
to the curve of sections to the light displacement at those 
stations, we have the following estimated data. 

Distinguishing Half Areas of the OrdinAta 

vIi^o^*s5*«««'; Vertical Sections. i>i^„. f„^^ 

Vertical SecUons. Superficial Feet. Curve. 



170-56 . . 30 . . 5-68 

247-52 8-25 

253-98 8-46 =Hi 

24606 8-20 

170-37 5-67 



which ordinates are set off from the base E F, Plate D, od 
the respective stations, as 11', 22', 33', 44', and 55', giving 
the points for the curve N M O, and the area N M O bounded 
by that curve and the base N O, part of the base E F. NO, 
being equal to the length of the light-water section C D, is 
equal by measurement to 182-8 feet, of which the fore length 
H0= 90-0 ft., whence NH = NO-HO= 182-8ft. -90 
= 92*8 feet ; and the area N M O, when divided into the four 
portions, the triangle HMO, the triangle H M N, the para- 
bolic area under the hypothenuse M O, and the parabolic area 
under the hypothenuse M N, can be numerically determined 
as follows : — 

irxi. m. , TT,,^ OH X MH 90x8-46 ,_ , 
Area of the Triangle H M = = = 380-7. 

c v;i rr jx v A OHxMH ^^ 90x8-46 ,, 
Solid or Zone under such Area = x 30 = — - — x 30 

- 11421-0. 
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iw ir^i. rr- 1 TTwxi NHxHM 92-8 X 8-46 «^«.,^ 

Area of the Triangle HM N * 5 =s » 392*544. 

Z 2 

^ ,. , ^ , , . NHxHM ,^ 92-8x8-46 ,^ 

Solid or Zone under such Area « x 30 » z ^ 30 

2 2 

= 11776-3. 



Fore Hypothenuse M0=: >/OH» + HM««>/90^ + 8-46* * 



V 8100 + 71-57 = >/' 8171-57 = 90-4 feet 

The Fore Parabolic Area MPOM » fofMO x maximum perpen- 
dicular on M O. (Page 61.) 

Solid or Zone under l = ) of M O x maximum perpendicular on M O x 
the Area MPOM J 30 = | of 904 x 2*8 x 30 » 5062-4 cubic ft. 



After Hypothenuse MN =:.>/NH' + HM*^a/ 92*8' + 8-46* - 



V 8611-84 + 71-57 = V 8683-41 « 932 feet. 

The After Parabolic Area NQMN — fofNM x maximum perpen. 
dicular on M N. (Page 61.) 

Sd&d or Zone under 1 ={ of M N x maximum perpendicular on M N x 
the Area MQMN / 30 =| of 93-2 ft. x 2*6 x 30»4846-4 cubic ft. 

Cubic feet of Space. 
Solid or Zone under the Fore Triangular 7 1 u 01 . a 

AreaHMO / " n^^i " 

Solid or Zone under the After Triangular 1 n t t a . 9 

AreaHMN ...../= ^^^^^ ^ 



Solid or Zone under the Fore Parabolic 1 
Area MPOM . . . .J 

Solid or Zone under the After Parabolic 1 
AreaNQMN . . . ./ 



» 5062*4 

» 4846-4 

5)33106-1 

7)6621-22 

945*89 » i Light 
2 Displace- 
ment in 



Light Displacement in Tons of Medium 1 ^ 1 qq-i hq Tons. 
Water of 35 Cubic Feet to the Ton . J ~ idvi./5 
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Canopxjs of 1786. 

Load Displacement to a Draught /Afore « 22*0 ft. i tm r 
ofWaterof lAft. = 24-5 ft. / "*^^ ^ 

Half Area of Vertical Section 3. 
260 25-6 250 12)20-8 = depth 



•80 24-0 22-8 



2r 



20-8 17-6 1-73 = — 

2)26-80 12-6 ^ 



2 



A 65-4 - Q 

13-40=— 83'0«P 

2 

1660 «2P 
13-4 -A 
65-4 » Q 

244-8 = 4 + 2 ^ + ^ 
W3«HL 

7344 
17136 
2448 



{i Area of Verti- 
cal Section 3 to 
the depth of the 
load-water line. 

Half Area of Vertical Section 2. 

25-40 25-00 24-20 12)20-6 = depth 

•80 23-40 22-20 2r 

20-20 17-20 1-71 =-5- 

2)26-2 12-20 '^ 

A 63-60 = Q 

13-1 =-:r 80-80 = P 



2 



2 



161-60 = 2P 

13-1 =4 

63-60 = Q 



238-30 -4" "^ 2P + Q 
1-71=5^ 



2383 

16681 

2383 ^ fiAreaof Verti- 

cal Section 2 to 
the depth of the 
load.waterline. 



407-493 =4 + 2^ + Q 
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Half Area of Vertical Section 1 . 



240 

•8 

2)24-8 



22*8 

18-8 

13-4 

5-6 

60-6 « P 
2 



21-2 
16*6 

9-8 

47*6 » Q 



121*2 - 2 P 
12*4 - A 
47-6 - Q 

181*2 - A + 2 P + Q 



1-7 - 



2r 



12)20*4 



depth 
2r 



12684 
1812 



X012 /-I 

308*04-A + 2P + Qxy-j j 



Area of Vertical 
Section 1 to the 
depth of the load- 
water line. 



Half Area of Vertical Section 4. 



26*2 

•8 
*l)26-0 



25*0 

22*8 

18*0 

9*4 

75*2 - P 
2 



24*2 
20*8 
14*4 

59*4 



12)21*0 - depth 
2r 

1*75 -y 



150-4 - 2 P 
13*0 - 4 
59*4 = Q 

222*8 - A + 2 P + Q 

11140 
15596 
2228 

389*900 -~. + 2P + Qxy. 



ft Area of Vertical 
Section 4 to the 
depth of the load- 
water line. 
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23*6 
•8 

2)24-4 

12-2 



Half Area of Vertical Section 5. 

12)21-52 = depth 



2 



22-8 

15-6 

80 

2-4 

48-8 
2 



20-6 

11-4 

50 

370 -Q 



1-8 « -:r- 



2r 
3 



97-6 « 2 P 
12-2 - A 
37-0 - Q 

ll^S^A 



1-8 

11744 
1468 



+ 2P + Q 



2r 
3 



iiAreaoftheVerti. 
immersed t^ the 
load-water line. 

ft. in. 
From the data given by the foregoing Vertical Areas, the curve 1 
of Sectional Axeafi and Zone for the Load Displacement of [• = 22 „ 
H.M. Ship Canopus, to the Iteught of Water of Afore . J 

Ditto Aft . ^ = 24 „ 6 

mxf be formed^ 



Distinguishing 

Number of the 

Vertical Sections. 

1 

2 

3 

4 

5 



Half Areas of the 
Vertical Sections. 
Superficial Feet. 

308-00 

407-49 

423.5 

389-9 

264-24 



Divisor. 
30 



Ordinatesfor 

the Curve of 

Sections. 

10-26 

13-58 

14-12 =/c 

12.99 

8-80 



From these ordinates the curve of sectional areas, a, b, c, d,e, 
for the load-displacement can be delineated for the Canopus as 
directed for the formation of a similar curve for the Vanguard ,- 
tibe-^tt«mei9^of the curve being as before, the limits of the load- 
water Ime of the ship squared down to the base a e. To measure 
the represoatative area, a, 5, e, d,e,f, a; f c being the medial 
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ection ; divide it into four portions^ the triangles a e/ and/c e, 

md tlie parabolic areas contained under the hypotbenuses, a c, 

* €, and the curre. To estimate the numerical values of these 

streas, we have 

Length of load-water line » 193*2 feet ; 

193*2 
whence «/«/«« -^ feet « 96*6 feet, and /c, is by calculation 

equal to 14*12 feet. 

Area oi tore repvesentalive tring^</i 

1363-992 ^^, ^^^ 
=. « 681-996. 



r « /g x/g _ 96-6 X 14-12 ft. 



o t=^ J V /• x/c ,^ 96-6 X 14-12 „ 
Sofid under such area » — ^ — x 38 « x 30 — 



1^6^*992 

X 30 = 20459-88 cubic feet of ipaoe. 

After triangular representative area a c/ = 5 solid ■■ — - — 

X 30 B 20459*88 cubic feet of space. 

i / 2 — zir: , 

The hypothenuse ee^ae^ >/<»/'+ /«?' = v 96*6 + 14*12' « 



n/ 9331*56 + 199*37 « ^^ 9530*9 « 97*6 fiect. 

Fore parabolic area c J e c « c t x ) of the maiimum perpendicular on c « 
= 97*6 X # of 5*4. 

Zone or solid under such area see x ) of the maiimum perpendicu- 
lar on ce X 30 s 97*6 X } of 5*4 X 30 — 10540*8 cubic feet of 

space^ 

After parabolic area abea »» ac x { of the maxim nm perpendicular on ae 
= 97-6 x I of 4*2. 

Zone or solid under such area « a e x ) of the maximum perpendicu- 
lar onac X 30 » 97-6 X f of 4-2 x 30 » 8198*4. 

ft. in. 

From which the half load displacement of Canopus to 1 no a ^ : n 

the draught <rf water of . . . Afore/^^ H " " ^'^^- 
Ditto Aft 24 6J '^"•^ 

e3 
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Cubic Feet. 

Solid from the triangles c/*, efa « 20459-88 x 2 = 40919-76 

„ fore parabolic e if «e . . = 10540*80 

after ,, ah a a . . = 8198-40 



Tons, 
or 1704*54 B \ displacement 
2 



5)59658-96 

7)11931-79 

1704-54 



3409*08 » load displacement of Canopus to Afore 22 ft. Oul 
„ ,, „ Aft 24 ft. 6 in. 

Light Displacement of H. M. Ship Canopus by the Curve of 
Sectional Areas and Zone for the solid to the Draught of 
Water. ft. in. 

Afore . . . » 14 „ 3 
Aft ... = 18 „ 9 



Half Area of Vertical Section 1 . 



19*6 
•8 

2)20*4 

7^ = 4- 



15-4 
9-4 

24-8 = Q 



17*8 
12-4 

5-8 

36*0 = P 
2 

72*0 = 2 P 
10*2=4 
24*8 « Q 



107*0 = A + 2 P + Q 



2r 
3 



1-51 ^tL 



107 
535 
107 



9)13-6 == de 

2r 

1-51 « -3- 



2r 



161*57 « ■y+2P + QxY=- 



'\ Area of the Verti- 
cal Section 1, when 
immersed to the 
depth of the light- 
water immersion. 
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Half Area of Vertical Section 2. 



24-0 

•8 


A 
" 2 


230 
19-6 
120 

54-6 = P 
2 


21-6 
17-0 


)24-8 
12-4 = 


38-6 = Q 




109-2 = 2 P 
12-4-4 








38-6 = Q 








160-2 =4 + 


2P + Q 






1-58=^ 








12816 
8010 
1602 






253116 = f- + 


2P + Qx^-, 
3 







9)14-2 = depth 
1-58 = y 



i Area of the Verti- 
cal Section 2, when 
immened to the 
depth of the light- 
water immersion. 



Half Area of Vertical Section 3. 



24-4 

•8 

)25-2 
12-6 = 


A 

2 


24-0 
20-6 
12-6 

57-2 « P 
2 


22-6 

18-4 

41*0 » Q 


9)15-00 « depth 

1-66 - ^ 
3 






114-4 = 2P 
12-6 = 4- 
41-0 = Q 


2P + Q 






168-0 = 4" ■*" 








,.66 -4- 







1008 
1008 
168 



2r 



278-88 =-f- + 2P->-QxY°' 



' i Area of Vertical 
Section 3, when im- 
mersed to the depth 
of the light-water 
immersion. 
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2420 

•8 

2)25*0 



Half Area of Vertical Section 4. 



22-8 
18-0 
9*4 

50-2 « P 
2 



20-8 V 
14*0 

34 8 = Q 



100-4 = 2 P 
12-5 « A 
34-8 = Q 

147-7 = 
1-75 = 



A_ 

8 

2r 



+ 2P + Q 



7385 
10339 
1477 

■ » ' -I. 
258-475 



9)15-8 = depth 
3 



»^ + 2P+Qxy=- 



i Area of Vertical 
Section 4, when im- 
mersed to the depth 
of the light-.water 
immersion. 



Half Area of the Vertical Section 5. 



19-6 

•8 

2)20-4 



11-6 
50 

16-6 = Q 



16-0 
8-2 
2-4 

26-6 - P 
2 

53-2 == 2P 
10-2 =A 
16-6 = Q 

il 
3 



1-82 



160 
640 
80 



9)16-4 = depth 

2r 

1-82= ~ 



f i Area of Vertical 

-• j^ ~~" ft I Section 5, when im- 

U5'60 =« -^ + 2P +Q X —-.^ mersed to the depth 

— ' ^ of the light-water 

Limmersion. 
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IProm these cakulations, tlie following data is given to fonn 
1. oxtrve of sectional argas for the light displacement of H. M. S. 
OaJiopus. 



To a Dmgfat o£ WaUr of Aiore 
Ditto ... Aft 



ft. in. 



I^istinguisfaing 
^Vertical Sections. 

I 
2 
3 
4 
5 



Half Amm 
oCtboYeitiGal 

Sections. 
Superfldal Feet. 
161-57 
25311 
278-88 
258*47 
145*60 



30 



5-38 
8-437 
9*29 =/t 
8-61 
4-85 



From these ordinates the curve of sectional areas, ^^A^t^i^^fliy 
:foT the light displacement can he formed for the CanopuSy as 
shown for the similar curve to the Vanguard ; the extremes of 
the curve ^ and m being the limits of the hght-watei lioe, or 
the points where the light-water line cuts the after edge of the 
rabbet of the post^ and the fore edge of the rabbet of the stem, 
squared down to the base, ac. To measure thfi refMresentaftm 
area, g, A, t, ^, m, ^, and thence the zone for the light displace- 
ment, join g and t, and m and t ; which will divide the area, 
g, h, i, h, my g into two triangles, fim and fig^ together 
with the parabolic areas, ikmi and ihgi, being the areas 
contained under the hypothenuses, im, gi, and the curve 
g, h, t, k, m. 

To estimate the numerical values of these areas, we have 

fm by measurement » 94-Q ft., Bnd/g « 96*2 feet, and/i by calcak- 
tion « 9*29 feet. 



Whence Area of the Fore 1 , . _ fm xfi _ 94*0 x 9*29 _ 
Representative TriaBj^ ff*^-- g ~ 2 



436*63 



Solid under thatl fm xfi ,. 94*0 x 9*29 .^ ,,^^^ ^ 
Axsat. . . .J- 2 ""^^^^ 2 X 30=13098*9 

Area of the After Repre- "1 ,. fff^fi 96*2 x 9*29 AJttQin 
sentative Triangle . / /* ^ = — 2 — "^ 2 ^ «*6*849 
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Solid under that Aiea - ^^-^ x 30 - ^'^ ^ ^'^ x 30 = 
13405*47 cubic feet of ipace. 

The Hypotheuuae im ^ ^ fm^ + /i' « V 94* + 9^* = 

n/ 8836 4- 86-30 - v^ 8922*3 = 94-50 feet. 

Fore Parabolic Area ihmi » im x f of the maximum perpendicdv 
on tm. 

Zone or Solid under such Area » t m x f of the maximum perpen- 
dicular on tm X 30 ::= tm X f of 2-2 x 30 » 94-5 x 44 =» 41580. 



The Hypothcnuse ^t « ^//^' + /t* « >/ 96-2^ + 9*29" 
^/^ 9254-44 + 86*30 « >/ 9340-74 « 966 feet. | 

After Parabolic Area ghig ^ gi x f of the maximum perpendicular | 
on g i. 

Zone or Solid under luch Area ^ gi x f of the maximum perpen- i 
dicular on ^t x 30 » 96*6 x f of 2*0 ft. x 30 » 3864-0 feet. ', 



From which data the half-light Displacement of Canopnsis 
as follows : — 

Cubic feet of space. 
Solid from the Triangle / 1 m = 13098*9 
Ditto . . . /t^ « 13405-47 

Solid under the Fore Parabolic "1 ^ 4 1 58 -00 
Area t * m t . . . j *° 

Solid under the After Parabo- 1 _ 3864-00 



lie Area g hi g 



•:} - 



5)34526-37 

7)6905-27 

986-46 
2 

_ • 

1972-92 =Light Displacement 
■ of Canopus in Tons. 
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Her Majesty's Ship Yangua&d. 

X.oad Displacement to the Constractor's ft. in. I Tons. 

Draught of Water of Afore . . . . 23 „ WP. 97) » 3293*52 
Ditto . . .Aft . . . . 24 „ Oj 

Light Displacement to the Draught of 

Water of Afore 16 „ 3 WP. 101) -1891-78 

Ditto .Aft 18 " 



„ 3|(P. 
„ 6j 



Difference . . . 1401*74 



Giving the Capacity of the Vanguard for carrying Stores, Armament, &c., 
as equal to 1401*74 tons. 



Her Majesty's Ship Canopus. 



Load Displacement to the Constructor's ft. in. 

Draught of Water of Afore . . . 22 „ 
Ditto . . . Aft .... 24 „ 6 
Light Displacement to the Draught of 

Water of Afore 14 „ 3 > 

Ditto . Aft 18 „ 9 ! 



Tons. 
(P. 106) « 340908 



(P. 110) « 1972-1 



Difference . . . 1436*16 



Giving the Capacity of the Canopus for carrying Stores, Armament, &c 
as being equal to 1436-16 tons. 

Tons. 
Capacity of the Canopus for carrying her Equipments at 1436*16 
Capacity of the Vanguard for carrying her Equipments *• 1401-74 

Difference . . 34*42 



From which result it may with justice be asserted that Her 
Majesty's Ship Yasguard must^ under the same stowage as 
the French Canopus^ (a smaller man of war in tonnage,) and 
with corresponding weights^ have been deficient of the required 
buoyancy by at the least 270 tons, or the immersion of nearly 
12 in. bodily. 
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PART xvin. 

Applioation of the Curre of Seetional Area» ie the Stowi^pe of the Hold 
of H. M. Ship Canopa8> with Reference to the Directions gjiv^n at page 
21 of this work. 

Thb area contained between the curve a, h, e, dy e, (Plate 
Dy) for the load displacement of the Canopns^ and the curve 
p, h, i, ky m, for the light displacement of the same yessel, 
will be a represenlative area of the solid of displacement 
between those immersions of the ship, or be descriptive of the 
sum of the weights that will be equivalent to the upward 
pressure of the water between those two lines of floatation, 
and each portion of the area will denote the relative buoyancy 
of the body at that particular division or compartment of it. 
As an example — 

Take the portion contained between the ordinates J^e and 
z to of the curve of sections for the Canopus> (Plate D,) and 
the weight that would be equivalent to the upward pressure 
of the fluid at that compartment of the body may be deter- 
mined as follows : — 

Siee, also, for the values of fc,f I, ziv, and zx, the calcula- 
tions at pages 104 and 109. 

By measurement, /c = 14*12 ft., and/t = 9*29 ft., and/c 

— ft =z c i, is equal to the ordinate representative of the 

area n o>jp q. of the sheer plan of the Canopus^ (Plate D,) or 

fc - /i = c i by substitution = 14-12 ft. - 9*^ ft. = 

4-83 ft. 

By measurement, z u> = 130 ft. and zx = 8'6 ft, whence 
z w " z X = X w equals the ordinate representative of the 
area r^tv of the sheer plan (Plate D) ; or zw — zx = xw, 
eq[uals by substitution 13*0 ft. - 8*6 ft. = 4*4 ft. ; 
the difference ei = 4'83-ft. 
the difference xw:= 4*4 f*. 

Sum = 9*23, which, divided by 2, gives 
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1 ft. as the mean breadth of the repreaentatiTe area for the 
ipartment ciwx; the length between c t and to x, or the 
gtli of tlie representative area for the compartment eiwM 
19*2 ft.^ whence the area e i wx, which is eqnal to the 
igtli multiplied by the breadth, equals 19'2ft. x 4*61 ft. = 
;'512 superficial feet; and the aone or solid to that ana = 
^512 X 30 =: 2655*36 cubic feet of space, which divided 
Y 35, as the number of cabic feet of space dne to a ton of 
edium water, gives 

5)2655-36 

7)531072 

75*867 = i displacement of the 
compartment ciwx in tons, and 151 '73 tons equals the whole 
iisplacement due to the portion of the immersed body situated 
m that compartment between the light and load draught of 
water. The same reasoning and similar calculations apply to 
the other portions of the body of the ship. 
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PART XIX. 

A Demonstration of the Expression y**/ d^ ^ bein^^a Measure of ee- 

paratire Stability or Stiffness of Floating Bodies, more lunzaily dem* 
nated the Height of the Metacentre abore the Centre of GnTitj 
Displacement of the immersed Portion of the Body. ^ 

Fig. 16. 




In mechanics, the removal in space of one or more bodies of a 
system is followed by a corresponding movement in the mass, 
or that the moment arising from the movement of a portion of 
the system will be followed by a proportionate moment of the 
whole. From this fundamental axiom of mechanics the follow- 
ing demonstration of the expression! /-=?— has been obtained. 

In Fig. 16, ACHBD is the representative vertical and 
athwartship section of a floating body passing through the 
centre of gravity G of displacement of the whole immersed 
body. HM being the middle line of such section, or the 
common section of the plan ACHBD, with a longitudinal 
and vertical plane passing through the middle of the body. 
A B is the line of deepest immersion, or the load-water line. 
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Let the section assume the infinitelj small inclined posi- 
tion which would make C D coincide with the surface of the 
water, the form of the section or body being such that the 
point E will remain unmoved, for the area A L C to be equal 
to the area DEB; then, if the centre of gravity of the up- 
right immersion, A H B, be supposed to be situated at G, the 
centre of gravity of the inclined immersion will be at some 
point F ; and if through the point F, when the position of it 
is determined, a line, F M, be drawn perpendicular to the line 
CD, the assumed line in which the surface of the water 
cuts the section, A C H B D, under its inclined position, and 
this line, F M, be produced to cut the middle line, H M, of the 
upright position of the section A C H B D in the point M , 
that point, M, is the point termed the metacentric point to 
the assumed inclination. 

On the supposition that the angle of inclination, A E C or 
DEB, represented by 0, be very small, the sides A E, E C, 
ED, and EB of the triangles, A EC, DEB, of the elemen- 
tary prisms may be considered to be equal, and the centre of 
gravity of each may be assumed to be respectively I of A E 
and E D from the point E, under which assumption A C or 
D B, the base of the triangles AE C, B E D, will be equal to 
A E X sin. 9, 

for E A : A C = r : sin 6, where if r = radius unity, 

^ _ AE X sin. e . «, . ^ 
XC = = AE X sin. e, 

and the area A E C or D E B is equal to ^ , which by 

substituting in it for AC, its value in terms of A E, will become 

— 2 ' — *^^ i^ *^® differential of the length of the 

elementary Prism = dx, and the displacement be represented 
by D, and AE = EB = CE = ED = y, then the area A E C, 
or D E B = ^ ^2^"' and the differential of the prismatic solid 

= JLiU^ — - — ^ and the centres of gravity of the triangles 
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AEC» DEB are respectivelj | of E A and £D^ or f y from 
the point E» thenoe the horizontal moment from E of tlu 
diffinrential of the prismatic 8olid» A£C> will be equal to 

y' X sin. x dx 2y _ y* x sin. 6 x dx 
2 ""T"" 3 

and the horiz<Mital moment also from £ of the differential 

of the prismatic solid DEB will be equal to ^ — - — ' 

whence ^ y^ sin. B x dx will be the sun of the moiii€i^ of 
the elementary prisms^ immersed and emerged, or the mo- 
ment that would arise, from the transfer of the elemeniaiy 
prismatic solid, A EC, considered as being concentrated in 
its centre of gravity, K, to the point, L, the position of ^ 
centre of gravity of the prismatic solid, DEB; whidi mo- 
ment would produce a corresponding proportional momait in 
the mass D, or displacement, supposed to be concentrated in 
its centre of gravity, G, and which was assumed as being 
equal to G F. Equating these moments, we have 
D X GF=:|/y« X ask^edx, 

y. r^T, A y. y* X SMI. X d» 

whence Gf=if-^ ^ ; 

but m G : G F = radius : sin. 6, the angle QrmW being 

necessarily equal to the angle, AEG, or D E B, and thenoe ^ 

= 6 from the lines, G m and F m being severally perpendi- 

GP j 

cular to A B and C D ; hence, w G = -: — r- = G F divided 

1- • /» 2 ry^ X soilB X dx 1 2 Ty' x d» ... 

determines the height of the metacentric point, m, above 
the centre of gravity, G, of the displacemeufc. 

The expression %/^Tr-> or the height of the metacentre 

above the centre of gravity of the displacement,, is a measure of 
the slab^ity, or of the comparative stability of two vessds, un- 
der the restriction of the inclination, being evanescent or va- 
nishing ; hence forming a practical guide only for the compa^ 
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•n of vessels whose forms, from inspection, are such as to 
are permanent stability. The calculations required to deter- 
ae tlie stability of a floating body at finite angles of indina- 
u are mucli more tedious, and the rules for them involve a 
rger portion of mathematical knowledge than what a novice 
ay possess ; hut as these calculations test an important pro- 
^rty of a naval construction ; the equality of the vohunes of 
nmersion and emersion of the body under finite or practical 
iclinations, it would be better, in this rudimentary work, to 
lave done some little beyond the boy's " first book," than to 
eave this element without investigation and deduction, the 
nore especially so, from a knowledge, by past proofs, that 
on erroneous conception of this elementary feature of a naval 
construction, is too well calculated to involve the naval em« 
pineal constructor in errors, that would render the ships 
designed by him when considered as floating batteries very 
inefficient, from their uneasy movements in a sea-way, which 
uneasiness would be alone produced by a disregard of the 
effects that arise to the cpnstruction by the inequaUties of the 
volumes of immersion and emersion. Being anxious to be 
clear in the definition of this matter, let it be understood, 
that the Yolume of immersion means that part of the body of 
the ship immediately above the surface of the water before 
inclination, and which is forced into the fluid by the inclin- 
ing power of the sails ; and that the volume of emersion, is 
that portion of the body of the ship which leaves the water on 
the inclination being given to her. With these points defined, 
and under the consideration that the vessel moves round her 
common centre of gravity, not as a fixed point but a moveable 
one, and that the ship, while under canvas and the consequent 
indinatioD, cannot, from such incHnation, he made to increase 
her displacement or total weight, the actual stabilities of the 
two ships, Ganopus and Vanguard, will be deduced from the 
expression and form of calculations that foUow. 
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PART XX. 

InTCBtigation of a Genena Expression for the Stability of a Ship at Knite 
Angles of Inclination, and the Application of the Resnlts to calcnlatin- 
the Stability of H.M. 8. Vanguard and Canopus, at an Angle of Seren 
Degrees. 

Stability at Finite Angles op Inclination. 
Fig. 17. 




Let a E B be the midship section of a ship immersed to 
the line A B^ and let the ship be so inclined as to make the 
line C D the upper line of immersion or the surface of t!ie 
water^ L being the point of intersection of the lines AB and 
C D ; this assumed inchnation of the ship, which is repre- 
sented by the midship section CRD, will cause an alteration 
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I the immersed Tolume ABB, which will, under the indina- 
Lon, become C B D, and the volame represented hj C B D, 
rill be equal to that represented hy A B B, the weight of the 
hip being the same mider both positions. Bj this movement 
he prismatic solid, represented by A L C, which call P, will be 
emerged from the displacement ABB, and the prismatic 
solid D L B, which call Q, will be immersed to form the dis- 
placement C B D ; under which considerations the form of 
the ship, immediately above and below the surface of the 
v^ater, A B, when the vessel is upright, will materially affect 
the motion of the ship in a sea-way ; for if the portion of the 
body which is immersed by inclination, as represented by 
D L B, becomes, from the form of the sides, larger than 
A L C, which is emerged, the whole body or displacement re- 
maining the same, which it necessarily must, the weights 
being unaltered, it follows that there must be a constant rising 
of the body during the inclination produced by rolling, and a 
similar falling on her return to the upright position; and 
further, if the centre of gravity of these necessarily equal 
portions, viz., the volumes, immersions and emersions, should 
not be in the same vertical plane with each other, further de- 
fect would arise, viz., that on the inclination of the vessel, the 
head of her would be elevated or depressed, according as the 
centre of gravity of the immersed prism was abaft or before 
the centre of gravity of the emersed prism; the question 
then resolving itself into the case of increased or decreased im- 
mersions about the longitudinal axis of the vessel. Assuming 
the solids of immersion and emersion to be represented by Q 
and P, and that they be considered as concentrated in their 
respective centres of gravity Q and P, let the horizontal dis- 
tance between the centres Q and P be taken as (b) : then the 
moment that will arise, ^m the change of the immersed body 
A R B, to that of the immersed body C B D, which would 
cause the transfer of the prism A L C, concentrated in P, to a 
similar and equal prism D L B, concentrated at Q, will be 
deuoted by the product of P or Qinto the distance P Q ; or, by 
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sobstitatioo, P x PQ will te equal to bxF, which 

of the part A L C of the immersed bodj will prDdnce o 

e^Tiknt movement on the whole mass or solid A R B. 

Let 6 (figure annexed) represent the positioii of the oentit 
of gravity of the whole mass, or the ship with all her wdghts; 
F the position of the centre of gravity^ c£ the displaoement, n- 
presented by A RB» the ship being li^iight ; K the posidoi 
of the centre of gravity of dtspboement, when the vessel is so 
indined that the surface of the water coincides with C D, or 
when CRD represents the immersed body; from K draw KO 
perpendicular to C D^ meeting RO, the vertical middle lioe 
of the body in some point O, from which construction of the 
figure the line K O on the proposed inclination of the ^ 
would become vertical from tbe points £ and F, the as- 
sumed positions tff the centres of gravity of the ship and her 
dbplacement ; draw the lines G £ and F H perpendicular to 
K O, and thence parallel to C D, or the sur&ce of the water 
when the ship is inclined, and through G draw G I parallel to 
KO, cutting F H in the point I. Upon the ship taking die 
inclined position CRD, the point K becomes the assumed 
situation of the centre of gravity of the immersed body C R D> 
or the displacement, and the upward pressure of the water 
equivalent in force to the weight of the displacement repre- 
sented by D may be supposed to act in the vertical line K 0, 
to restore the ship to the upright position A R B, round the 
axis of the rotation G, the centre of gravity of the vessel; 
which effort can be measured by the property of the levety by 
drawing a perpendicular from the centre of motion, or G, to 
the direction of the force K O, which by the construction of 
the figure is G £, whence the effort exerted by the displaoe- 
m^t D, to restore the ship to the upright position ABB, 
will be represented by the product arising from multiplying 
the displaoement by the perpendicular from the centre of 
motion on K O, the direction of the restoring force ; or the 
effort of stability =s displacement multiplied by G£ = 
D X G£. But by the construction of the figure, D x 
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>E = D X IH, GIHE bemg a parallelogram or the eflFort 
3f stability =DxIH = DxFH - Fl'as I H = F H- 
F I, whence effort of stability = DxGE = DxF H-Fl, 
in the which O K has been assumed as the vertical direction 
of the upward pressure of the fluid passing through the cen- 
tre of gravity of displacement. After the inclination of the 
vessel, it follows, that D x F H will be equal to the hori- 
zontal moment of the displacement, produced by the change 
of position of the immersion A RB to that of C R D ; and it 
is thence equal to the horizontal moment expressed by b P, 
and the effort to restore the vessel to the upright position, or 
the moment of stability as it is termed, will thence give the 

equation ofDx GE = DxFH-FIor, by sabstitation, 
= D X FH-D X FI 
= 5 P - D X FI, and the sine of the 
angle of inclination A L C, or D L B, being denoted by «; 
and G F the distance between the centres of gravity of the 
ship, and the displacement being expressed by d, the value 
of F I may be determined, as F G : F I = rad. : « whence 
taking rad. as unity FG:FI = l :*, orFI = FG x s 
= d Sy and the expression for the stabihty under the incli- 
nation of the angle A L C, or D L B, becomes D x G £ = 

6 P — D ^*, whence G E = -g — ds. 
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PART XXI. 

The Yolnmes of Immerrion and Emersion of H. M. Ships Vanguard and 
CanopoB, calculated to an Angle of 7^.— Concluding Remarks ajid Ob- 
servations. 

The Volumes of Immersion and Emersion of H. M. 
Ship Vanguard, when inclined to an Angle of 
Seven Degrees from the upright. — Plate F. 



Immersion. 

Vertical Section 2. 



Half.breadth 
Perpendicular 



25-9 
2 



Divided by 2)51-8 

Area of Triangle 1 ^ 25-9 ft. 
of Immersion j 



Emersion. 

Vertical Section 2. 

Half-breadth . . = 25-9 
Perpendicular . . = 1*9 

2331 
259 

Divided by 2)49-21 

iang]e 1 
sion J 



^fSf "^=2*-«'ft- 



Vertical Section 3. 

Half.breadth . . « 28*4 
Perpendicular . . = 2*1 

284 
568 

Divided by 2)59-64 

Area of Triangle! 29-82 ft. 
of Immersion J 



Vertical Section 3. 

Half.breadth . . = 28-2 
Perpendicular . .=205 

1410 
5640 

Divided by 2)57-810 



'^B„S?'i-«*«- 
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Immersion. 

Vertical Section 4. 



H:alf. breadth 
T*erpendicular 



= 28-4 
^ 2 16 

1704 
284 
568 



Divided by 2)61*344 



a™ of Triangle 1 30.67 ft. 
of Immenion J ' 



Emersion. 
Vertical Section 4. 



Half.breadth 
Perpendicular 



- 28-2 
» 215 

1410 
282 
564 



Area of Triangle 
of Emersion 



Divided by 2)60*630 

} ~ 



30*315 ft. 



Vertical Section 5. 



Vertical Section 5. 



Half-breadth . . = 27*8 


Half.breadth . . « 27*4 


Perpendicular . . = 2*1 


Perpendicular . . « 1*8 


278 


2192 


556 


274 


Divided by 2)58*38 


Divided by 2)49*32 



^ri:s}'^^-^^^- 



Area of Triangle "I „..^- * 
of Emersion / ^ ^^^ "• 



Vertical Section 6. 



Vertical Section 6. 



Half.breadth . . = 25-6 
Perpendicular . . * 2*0 


Half.breadth . . » 24*0 
Perpendicular . . = 1*7 


Divided by 2)51*20 

Area of Triangle 1 ^ ^^ ^ 
of Immersion j "" 


168 
24 

Divided by 2)40*8 




Area of Triangle 1 ^ 20*4 ft 
of Emersion [ ^" « "* 



The triangular portions at the extremities of the load-water 
section consequent upon the inclination give the contents of 
* 1 of a foot for each, and thus seven areas are formed for esti- 
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mating the solids of immersion and emersion to an angle i 
seven degrees. 

Vanguard. 
Immersion to Seven Degrees Inclination. 



DiBtinguiBh- 
iiiK Number 
of the Areas. 


Contents 
of the 
Area*. 


Vultiplien 

by the 
First Rule. 


Multiples 
for the 
Solid. 


1 


•10 


i 


•05 


2 


. 25-90 


2 


51-80 


3 


29-82 


1 


29-82 


4 


30-67 


2 


61-34 


5 


29-19 


1 


2919 


6 


25-60 


2 


51-20 


7 


•10 


i 


•05 



223-45 



Lofthe 



2P^Q 
the formuk 

The distance hetween the areas is equal to 3 TO feet, whence 

r=:3] feet, which, substituted in the formula for the solid 

A 2r 

= ~+2P+Qx— , to sum these areas, gives 223-45 x 



3 
4617*96 cubic feet for the contents of the 



62 _ 13853-9 
3 ~ 3 

solid of immersion, according to the Hues of inclination on 
the draught when the ship is inclined to an angle of seven de- 
grees from the upright position. 

Vanguard. 

Emersion to Seven Degrees IncHnation. 



Distinguish- 
ing Numbei 
of the Areas 


Contents 
of the 
Areas. 


1 


•10 


2 


. 24-60 


3 


. 28-90 


4 


. 30-31 


5 


. 24-66 


6 


. 20-40 


7 


•10 



Multipliers 

by the 
First Rule. 

2 
1 
2 
1 
2 
i 



Multiples 
for the 
SoUd. 

•05 
49-20 
28-90 
60-62 
24-66 
40-80 

•05 

204-28 
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The distance between the areas as before for the immersion 
is equal to 31*0 feet, whence r = 31*0 feet, and the formula 

for the soHd = j A + 2 P + q} x ^ gives 204-28 x ^ = 

— - — = 4221*786 cubic feet for the contents of the soUd 

emerged, when the ship is inclined to an angle of seven degrees 
from the upright position, according to the inclined lines on 
the drawing, Plate F. From these calculations, viz. — 

Cubic feet. 
The solid of immersion to 7® = 4617*96 
The solid of emersion „ = 4221*78 



Whence the difference » 396 18 



or that the total displacement would under such an inclination 
be increased by 396*18 cubic feet ; but as the total volume im- 
mersed remains the same, and the ship does not move round a 
fixed axis, it follows, that the tendency to increase the volume 
immersed by the excess of the immersed soHd over the 
emerged, or the sohd denoted by 396*18 cubic feet, will 
cause a rising in the whole mass, and in a sea-way where the 
rolling is made up of a succession of these inchnations, the 
reverse or a falling of the mass will take place, each time that 
the ship is passing to the upright position ; the inclination 
having been assumed at 7^, the difference of the solids is 
nearly at the minimum, and at higher angles of rolling this 
effect would be found to be of a much greater magnitude, and 
the uneasy motion of the Vanguard in a sea-way may with 
justice be partly attributed to a disregard of this necessary 
adjustment of the form of the ship, immediately above and 
below the seat of water or the load-water line. 
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The Volumes of Immersion and Emersion of H. ¥ 
Ship Canopus, when inclined to an Ai^gx.^ ci 
Seven Degrees from the upright. — Platk F. 



Immersion. 
Vertical Section 2. 



Half.breadth 
Perpendicular 



= 24-6 
= 1-9 

2214 
246 



Divided by 2)4674 

Area of Triangle \ oo.o/y » 
of Immersion / *= ^-^ ^^ "• 



Emersion. 

Vertical Section 2. 

Half-breadth . . = 24*6 
Perpendicular . . == IS 



1968 
246 



Divided by 2)44-28 



Area of Triangle! _ 22-14 ft 
of Emersion / - ^^ *^ «• 



Vertical Section 3. 



Ha]f.breadth 
Perpendicular 



= 26-0 
= 20 



Divided by 2)520 



Area of Triangle 1 
of Immersion J 



26-0 ft. 



Vertical Section 3. 



Half.breadtb 
Perpendicular 



« 26-0 
= 1-9 

234 

26 



Divided by 2)49*4 

Area of Triangle 1 _ oa-t ft 
of Emersion J - ^4 7 ft. 



Vertical Section 4. 



Vertical Section 4. 



Half-breadth . . = 26-3 
Perpendicular . . = 2-1 

263 
526 


Half-breadth . . = 26-3 
Perpendicular . . = 2.1 

263 
526 


Divided by 2)55-23 


Divided by 2)55-23 


Area of Triangle! _ 07.^1 f. 
of Immersion / -27 61ft. 


^^L^?5'f}=^^"«- 
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Immersion. 


Emersion. 


Vertical Section 5. 


Vertical Section 5. 


Half-breadth . . = 24*6 


Half.breadth . . » 24-6 


Perpendicular . . = 1*9 


Perpendicular . . *= 1-9 


2214 


2214 


246 


246 


Divided by 2)46-74 


Divided by 2)46-74 


Area of Triangle! _ 90.07 a 
of Immersion / " 23 37 ft. 


''^^J^t} - 23-37ft. 


Vertical Section 6. 


Vertical Section 6. 


Haif-breadth . . = 238 


Half-breadth . . « 23-8 


Perpendicular . . « 1*8 


Perpendicular . . - 1*8 


1904 


1904 


238 


238 


Divided by 2)42-84 


Divided 2)42-84 


Area of Triangle! o^.o^ 
of Immersion / - -^^ *^ ^*- 


Area of Triangle"! 21.42 ft 
of Emersion / -2142ft 



The triangular portions at the extremities of the load-water 
section, as in the Vanguard, on calculation, give '1 of a foot for 
each when, as in the case of that ship, seven areas have been 
calculated ; which areas, when placed in Sterling's Rule for the 
estimating a soUd, will give the solids of immersion and emer- 
sion to an angle of seven degrees. 

Canopus. 

Immersion to Seven Degrees Inclination. 



nistinguiflh* 


Contents 


Multipliers 


Multiples 
for the 


ioK Number 
of the Areas. 


of the 


by the 


Areas. 


First Rule. 


SoUd. 


1 


•10 


i 


•05 


2 


23-37 


2 


46-74 


3 


2600 


1 


26-00 


4 


27-61 


2 


55-22 


5 


23-37 


1 


23-37 


6 


21-42 


2 


42-84 


7 


•10 


* 


•05 



194-27-^ + 2P + Q 
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and the distance between the areas is equal to 32*5 feet = r .; 

which values being substituted in the formula for the solid ctf 

650 _ 12627-55 _ 
"3" " 



^+2P+Qx ^ gives 194-27 feet x 



4209*18 cubic feet for the contents of the solid of immersum, 
according to the lines of inclination on the draught when the 
ship is inclined to an angle of seven degrees from the upright 
position. 

Canopus. 

Emersion to Seven Degrees Inclination. 



Dirtingaish- 
inff Number 
of the Areas. 


ContenU 
of the 
Areas. 


MultipUers 

by the 
First Rule. 


Multiples 
for the 
SoUd. 




1 


010 


i 


-05 




2 


2214 


2 


44-28 




3 


24-70 


1 


24-70 




4 


27-61 


2 


55-22 




5 


23-37 


1 


2337 




6 


21-42 


2 


42-84 




7 


•10 
between the 


areas as I 


•05 






190-51 ^ A 


+ 2P + Q 


distance 


>efore = 32-5 


feet = r; 



A 2 r 

whence the solid of emersion = -jr-+ 2P + Q x —- =190*5 1 

^ o 

65 12383-15 .,o^ni u- ^ * f 
X — = — = 4127/1 cubic feet of space. 

From which calculations, viz. — 

The solid of immerson to seven degrees = 420918 Cubic feet. 



The solid of emersion 



4127-71 



Difference = 81^47 Cubic feet. 



The difference that was found between the solids of immer- 
sion and emersion in H. M. Ship Vanguard, under the same 
inclination, seven degrees, was 396* 18 feet, or nearly five times 
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kxe amount of that in the Canopus, and thence is developed 
xxe cause of the easier motions of the ktter ship in a sea- 

rrhe positions of the centres of gravity of the Tolumes im- 
xieTsed and emerged, with respect to the longitudinal axes 
:»£' the ship, may he determined hy the areas already calcu- 
Lskt^ed, the moments of them may he obtained as described 
For the centre of gravity of displacement, and summed by 
Sl;erling's Rules, (page 43) ; and should these centres not be 
found in the same vertical athwartship plane, there will ensue 
on inclination, a depression or elevation of the bow, according 
SLS the position of the centre of gravity of the immersions of 
trine body is abaft or before that of the emersions, and it need 
xiot be dwelt much upon, when their being in the same ver- 
t.ical and athwartship plane is insisted on. 

The solids of immersion and emersion having thus been 
calculated and contrasted, an adjustment of the form must 
take place, or the position of the point S, Plate F, where the 
inclined line denoting the surface of the water on inclination 
cuts the line denoting the upright position of the ship, must 
be changed until these volumes become equal. 

When this has been effected, find the distance of the centre 
of gravity of each of the triangles of immersion, as S v r, from 
the point S, by bisecting rv inw, joining S and w, and taking f 
of * w from S or S g', giving the point q as the centre of gravity 
of S r r, the moment of the area Srv from S will thence be 
equal to S r tr x S ^ ; and if the moment of each triangle of 
immersion from the point S be calculated in a similar manner, 
and these results be placed in the rule as described (p. 43) for 
the displacement, the multiple of the sum of the moments of 
the immersed areas from the point S will be determined ; and 
this result, being divided by the corresponding multiple for the 
solid, will give the distance of the centre of gravity of the im- 
mersions from S. 
The centre of gravity of the emerged portion of the body 
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may be obtained in the same way, and the horizontal distance 
between these centres of immersion and emersion will give tbe 
portion b of the expression, for the measures of stability, (51- 
Bds,) as being the horizontal distance between the centres cf 
gravity of the two solids ; and half the sum of the solids d 
immersion and emersion will be equal to I of the same expres- 
sion, whence the product of the horizontal distance that tbe 
centres of gravity of immersion and emersion are apart anc 
the half sum of the soUds will give b 1, or the positive pan 
of the expression, for the moment of stability ; of the negatire 
part of the expression, (Dda,) D is known from previoie 
calculations, being the total volume immersed ; s = sine of 
inclination also given, and d must be assumed, being the dis- 
tance between the centre of gravity of displacement which b 
known, and the centre of the ship which can only be approxi- 
mated to. * 

The value of the positive part of the expression, b i, being 
reduced by the value of the negative part of the same, D di 
will give the value of the expression for the measure of the 
stability at the given angle of inclination. These calculations 
would have been continued out, but were considered lengthv 
for this small work ; enough has been done, it is trusted, to 
enable the student to follow out the system, as the practical 
operations are strictly similar to those used for the develop- 
ment of the elements of tbe displacement. 

In calculating the displacement from the building draught, 
the displacement to the outside of the plank will be closelv 
approximated to ; if the moulded displacement be calculated, 
from the drawing to a draught water, less than the proposed 
load immersion by the thickness of the plank of the bottom, 
as the result or moulded displacement will form the basis of a 
proportion to give the displacement to the outside of the 

* By the ship is meant the whole mass, viz., Hull, Stores, and 
Equipments. 
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plank, as similar solids are to each other as the cuhes of any 
one of their dimensions ; hence, 

Moulded displacement will be to the required displacement 
as the cube of the moulded breadth : to the cube of th« 
breadth with the plank on ; in which proportion three terms 
are known whence the fourth can be easily determined. 

Much might be advanced with reference to the proportion 
that should be maintained between the lengths and breadths of 
ships, but in this foundation as it were of the superstructure, 
there are so many yariations to be deduced from practice, all 
equally good, that it would be highly empirical, and still more 
unscientific, if it were attempted to set up a standard measure 
in this matter, but one point in forming a construction for war 
purposes should never be lost sight of by the naval architect 
— that the ship of war is intended as a floating battery, and 
that for efficiency the platform should afford unconfined 
space for the required movements of the guns mounted on it. 
With this fundamental axiom in view, the armament of the 
ship should be the first consideration, and the platform or 
deck for the evolutions of that armament should be described 
under the maximum positions of recoil and training of the 
guns that the naval artillerist may deem necessary for the full 
eflect of the battery. Then let the naval architect give to this 
platform — ^for an effective training and fighting battery — a 
substratum or displacement that will ensure to it the power of 
floating at the required height above the line of deepest im- 
mersion or the load-water line. 

The form to be given to that displacement, or to the ship. 
Practice and its adjunct, Theory, (one based on a well-digested 
system of practical results and facts,) must be made the means 
by which the desirable end may be accomplished — the per- 
fecting of a " System of Naval Construction." 

The calculations on the immersed portions of a ship have been 
given in detail, and the young naval architect has been thence 
furnished with the means of testing the ships of the former 
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and the present times, by comparing the essential elements d 
them, under a form that is novel and comprehensive. Thsu 
has been no attempt in this rudimentaij work to lay dovi 
laws for the construction of ships, no empirical stalking-bom 
has been set forth on a subject that requires the deep^- 
thought and the greatest care, to prevent great and unnecei- 
sary National expenditure, and to avert the vexatious disain 
pointments, which must ever attend on the faulty constnictiffl 
of our ships of war. And, in conclusion, should this outlia^ 
of the most important branch of knowledge to Great Britain 
be the forerunner of larger and more useful works on tk 
same subject, it is only to be hoped that the present one may | 
be found a safe and useful auxiliary to them. 



FINIS. 



Stevens and Co., Printers, 37, Bell Yard, Temple Bar. 
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PREFACE. 



In placing before the British public a rudimentary work or 
outline of the Practice of Ship Building, as pursued in the 
Naval and Commercial Dockyards of this maritime country, 
but little preface or apology is required, the subject itself 
being of such importance to England as a nation, that an 
attempt, however feeble it may be, to di£fuse such useful 
knowledge, wil], the author feels convinced, be received with 
indulgence and good-will. The best bulwarks for England 
have ever been found to be her Wooden Walls, and thence 
the alphabet, as it were, of the mechanical and practical car- 
pentry of our national defences can never fail to excite an 
interest in all who bear the name of Englishman, a name 
carrying with it a feeling of proud and heart-felt estimation. 
That this small volume (completing the former volume of 
Elementary Principles) may be found useful to the youthful 
ship builders, who, in the course of events, must fill the 
stations of men who at the present period direct the Naval 
Architectural Department of this sea-girt island, and that it 
may prove instructive to the general reader, who may be 
under the conviction that a British Fleet must ever be the 
surest safeguard to his home, is the sincere wish of the 
author. 

WOOLWICB, 

May SI, 18(11. 
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SHIP BUILDING. 



PART I. 

Inttodiictor]^ Remarks and Description of the Princijial Drawing of the 
Ship, and the Technical Terms for the Lines depicted on it 

It is to be doubted to whom the most credit pertains — to the 
savage who hollowed out the trunk of a tree to enable him to 
ensnare the finny tribe, or to the skilled artisan that has raised, 
piece bj piece, the vast fabric which at length presents to the 
wondering gaze of the uninitiated that most complicated of all 
machines, a first-rate man-of-war; destined to cany weal or 
woe to all quarters of the globe. The formation of the canoe, 
would be to those who are cunning craftsmen in the trade, as 
the puny effort of the school-boy with his knife to form the 
model boat to carry the paper sail ; and a description of the 
process by which the bark of the juvenile was formed to cleave 
the miniature waves of the mill-pond, would be, by such adepts 
in their art, received with smiles or contempt. The object of 
the present rudimentary treatise is to lead the boy from the 
architecture of the pond to that of the ocean ; to place in 
his hands, in a simple and perspicuous style, the transi- 
tion from the use of the knife in forming the boat, to the 
results arising from the skilful use of tools in shaping vast 
loads of rough logs or trees into the ship for War or Com- 
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merce. It should first be premisedi that the ship does not 
swim because she is built of wood. Some woods are heavier 
than water, and sink when immersed in that fluid, the 
same as would iron. That the materials of which these 
floating lo^omotire machines may be constructed is irrespective 
of the property of most woods — ^that of swimming in water, 
may be inferred from the wonders of the present day, 
when ships may be found formed of iron that swim as 
buoyantly as those composed of wood, nay, more so; and 
they not only swim, but they have traversed the trackless 
road of the ocean, and have sailed round the world. 
That the materials to form a floating body are not of neces- 
sity required to be lighter than the water it is to float in, 
may be exemplified by the satisfactory and easily-practised 
experiment of making one cup of a tea-set swim within the 
other. In what then consists this property, as it were, of 
keeping its head above water ? It is that of givilig to the part 
of the body which is intended to go under water, a hulk or size 
that will make a cavity in the fluid, when the body is placed 
in it, that would contain a mass of the water equal in .weight 
to the weight of the immersed and emerged portions of the 
structure. Thus, in the case of the two tea-cups, the thin 
lamina of clay that forms the floating cup^the outside that is 
immersed and the inside that is preserved from immeision by 
that lamina — would sink if formed into a solid square mass : the 
extended surface given to it makes a small immersion of it in 
the fluid, displace or put out of its place a body of the fluid 
equal in weight to the weight of the clay; and thus one cup 
rides as triumphantly within the other as the first-rate man« 
of- war does on the ocean of the world. 

The draught of a ship is the delineation of the various 
sections of her by lines ; the lines being the outer edges of 
such sections. To elucidate what is here meant: if an orange 
is cut into two parts, the edge of the peel in each of those 
parts tnll be a round or circle, and Uius denote the shape of 
it. And if those parts be again subdividedi their outer 

Digitized by CjOOQIC 



0^ Bfitp mjwbwa, d 

fedgds trill hare ft simikif form,-^^md the oi^tige, by euoh 
a derelopment, W(mld be found to assimilate in form to a 
sphere or globe. The naval architect or constructor deter- 
mines the relation which the principal dimensions of the ship, 
or those of the length, breadth, and depth of her should bear 
to each other, the form best adapted for the required sernee, 
and Its capabilities ; the practical ship-builder having the 6ain6 
relation to the naval architect that the house-builder has td 
the civil architect. Each of the architects is a designer itl 
his respective science, v^hose designs, when completed on 
paper, require the able assistance of the practical man, that 
the one may become the graceful and symmetrical figure por- 
trayed by a man-of-war, or the other stand forth as the stately 
palace of a sovereign. 

The Construction-Dravring, from the sections of it being 
made to the outside of the exterior planking for calculation, 
as it comes from tho hands of the naval architect, would not 
be available for the purposes of the practical builder, whose 
delineation on paper, or draught of the ship, and its conse- 
quent full development on the mould-loft floor requires to be 
to the outside of the timbers of inside of the exterior plank ; 
the fact being, that the moulds, for convenience, are made to 
the form of the timbers only, and the timbers are trimmed 
by them, then put together, raised, and placed in position to 
receive the plank. The frame-timbers may be considered as 
forming ribs, to give the form of the ship, to which the planking 
has to be added, to give buoyancy and substance to the mass. 
The method of preparing the building draught of the ship 
from that which is furnished by the naval architect or the 
construction-drawing, will not be described in this work, as 
the process necessary to do it is more within the province of 
the mould-loft, and will be included in the treatise descriptive 
of the work done in that place. 

The principal dravringof a ship, denoted the Sheer Drawing, 
is composed of three parts, mutually dependent on each other* 
They are each sectional planes considered as passing through 
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the largest portions of the principal dimensions of her. Th^ 
are seyerallj named — the Sheer Plan, Half-breadtii Plan, aai 
Body Plan. 

The Sheer Plan is descriptiye of the longest and deepen 
longitudinal section in the ship, or that of a plane passiof 
through the middle line of the vessel from the middle line d 
the stem or fore-boundary of her, to the middle line of tb 
stem-post or after-boundary (Fig. 1 . p. 1 1). On this plane ^ 
position of any point in the ship may be determined for heigbt 
and length, as being projected on to that plane, similar to 
the process followed in the delineation of a map. 

Tike Half-breadth Plan is descriptive of half of the widest 
and longest level section in the ship, or that of a borizontxl 
plane passing through the length of the ship at the height of 
the greatest breadth (Fig. 1). On this plane the position of but 
point in the vessel may be fixed by projection, as to mdth aod 
length. 

The Body Plan is descriptive of the largest vertical and 
athwartship section of the ship ; forming the boundarjr of all 
the others, which are delineated within it (Fig. 1) ; and this 
plan fixes by projection the height and width of any point in 
the vessel. 

There are thence three plans used to describe the ship, 
considered as a solid, or as being made up of three dimensions, 
length, breadth, and depth ; and these are dependent on each 
other, as the — 

Sheer plan gives the height and length 
Half-breadth gives the breadth and length. 



length is com- 
,mon to the two. 
In which the 
- height is com- 
mon to the two. 
In which the 
• breadth is com* 
.men to both. 
To determine the true position of each point of any solid 



Sheer plan gives the length and height. 
Body plan gives the breadth and height. 

Half-breadth gives the length and breadth. 
Body plan gives the height and breadth. 
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iree linear measoiements are required — ^the height, the 
readth, and the length of it, all of which most be set off 
roTn, or bear reference to, a standard plane or starting point. 
Tkie plans described for the ship fdUy furnish these di- 
nensions for each point in her, as they may be considered 
ilie sides, top, and ends of a block formed to the dimensions 
of Irhe ship, and each point in her has doable reference to the 
several plans, or the sheer, half-breadth, and body plans. 

IThus the point in the half-breadth plan, or top of the block, 
if projected downwards, will meet the same representatiTe 
X>oiiit, shown on the sheer plan, projected inwards or athwart- 
sbip : these must coincide, for they represent the same point 
in space, which means the same identity. This reasiming will 
extend itself to the rest of the linear delineation of the 
draught of a ship ; on which, by these means, the intended 
form is fully described, and the internal arrangements de- 
picted upon scale, and the practical builder has thence the 
whole fieibric under his eye at one glance. The lines shown 
on the practical drawing in blue ink are called water-lines 
(Fig. 1, marked a a), forming, in the half-breadth plan, the 
boundaries of the several sectional areas; the upper one 
being the intended line of floatation, and the othera being 
drawn parallel to it. In the sheer plan, from being the pro- 
jection of these lines, their position and form is indicated by 
straight lines ; and the height from the keel, and the relative 
distance from the bow or stem of any point of them, may be 
determined on it, but not the breadth of that point from the 
middle line of the ship. In fact, the sheer plan is but a 
surface or plane, made up of length and breadth, and cannot 
thence be descriptive of more than those two dimensions of the 
solid. 

In the half-breadth plan (Fig. 1), the water-lines are de- 
scriptive of the form of the ship, as being made up of a suc- 
cession of breadths of her, at the heights pointed out by the 
corresponding heights of the water-lines in the sheer plan. 
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tba points denoting such breadths being in each plaa at thi 
same lengths from the bow or stem. 

In the body plan (Fig. 1), the water-lines are in the form d 
a curve, arising from the difference of draught of water giFeo 
to the ship, which causes the several points of the plane to be 
shown above each other in succession, beginning from forward 
These heights correspond vrith the heights descriptiTe of tk 
same points in the sheer plan, and the breadths of the 
vertical sections of the body plan at these assumed positi(His 
are co-equal with those of the same points in the half^breadtli 
plan ; and the young draughtsman should bear well m mind 
that the lines denoting the upper edge of the rabbet of the 
keel, middle line of the ship, both vertically and longitudinally, 
or the common sections of the longitudinal and vertical seo 
tions of the ship, form the bases from which tho dimensioiu 
of the ship are set off, and from which, as a standard, all 
the other parts are measured. 

A diagonal line (Fig. 1, c) is a curve line which boundfl t 
section or area of the body in an oblique direction ; they are 
drawn in red in the body plan of the draught, where tbey 
are usually made to denote the heads and heels of the timbeis, 
and by projection they are in that plan represented by a 
straight line. These lines are considered the most efiQpotual 
towards fairing the body of the ship, or making the ooe 
portion of her assimilate with the other. The diagonals in 
run off from the body plan, for the form of the diagonal 
section to be shown on the half-breadth plan, o, where it will 
be developed as a curve, by taking the diagonal diftaacea 
along them from the middle line of the body plan to where the 
representative diagonal of the body plan cuts the curves whioh 
represent the respective timbers or boundaries of the vertical 
sections of the body ; the diagonal distances thus taken being 
severally set off from the middle line of the half-breadth 
plan on the lines or stations which represent on it the posi-* 
tion9 of the corresponding vertical sectiongf of tbo body plan; 
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suoh yertieal deotions of the body being by prc^eotion dell* 
neated by straight lines in both sheer mi hairbreadth plant, 
aa shown in Fig. 1. 

A curve passed through the spots thus obtained will be the 
boundary of a plane cutting the frame of the ship obliquely; 
or of a plane that, if it were hung with hinges at the middle 
line of the yessel, would, when allowed to fall to the given 
angle from the horizon, be found to coincide with the pro« 
posed form of the body of the ship : these curves give the 
shape of the harpins and ribbands of the practical building, 
which will be further adverted to in the treatise on Laying off 
Ships on the Mould-Loft Floor. 

Buttock and bow lines (Fig. 1, marked b) are the boundaries 
of planes which are supposed to pass fore and aft through the 
whole length of the ship, and parallel to the middle plane of 
her ; these lines by projection are indicated by straight lines 
in the body and half-breadth plans, but in the sheer plan 
they are curves bounding the sectional areas, and denoting 
by their form and regularity the symmetry of the vessel as 
well as the fairness of her. The buttock lines are those 
portions of these lines which lay towards the after-part of the 
ship; the bow lines those which are at the bow or fore- 
portion of her. The method of setting off these lines on the 
sheer plan is by taking off the heights in the body plan, 
where the straight line drawn to represent the buttock or bow 
line cuts the several curve lines denoting the vertical sections 
in it, and transferring these heights to the corresponding 
stations in the sheer plan, setting them up from the line which 
has been fixed upon to denote the upper edge of the rabbet of 
keel in that plan ; a curve passed through the points thus 
obtained will be the bow or buttock line, as the case may be. 
The ending or termination of these lines has not been pointed 
out ; it being more in the province of the mould-loft, and will 
be described in a subsequent rudimentary work, on laying off 
ships. 

Before commencing the description of the practical carpentry 
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of a sbip, a few words maj not perhaps be miffpZ^auE I 
when a regret is expressed, that the profession of th& :i:xsl i 
aibhitect and the trade of the ship-bnilder have been .Sxx ti i 
ooontiy at such a low ebb for many years past. Lit;t:J.^ €J 
cooiBgement has been given (naj, persecution has been gUmowiI 
to men who had devoted their time and talents to a steaid 
coarse of inducdve principles to be applied to the inapzore-i 
ment of the ships of the British navy; while imaginatlw^ sa^ 
amateur constructors hare bashed in the full blaze of <3^Ss^^ 
patronage, and the treasures of England have been eiLj^&xkdu 
in building ships of a £ftulty construction or form, ihjBLt mcfi 
in the days of future strife tend, from their bad qualities, ia 
no small degree to compromise the honour of the 'BriC^ 
seaman. 



PART II. 



Blockf on which the Ship is built— how hiid.— Descriptioii of the FEame a 
the Skeleton of the Ship, aa being composed of a vast assemblage of timbeiii 
— The several Parts of the Frame described, and the Methods pointed oul 
by which they are united. i 



The blocks on which the keel of the ship is laid after it is 
trimmed or fashioned by tools, are piles of short and thick 
pieces of timber, placed one above the other to a height de- 
termined by the declivity of the slip on which they are placed. 
The lower piece of each tier is the largest, and is termed the 
groundway. The upper one is called the cap of the block, 
and should be of free wood, easily to be split out for launching. 
When the vessel is built on angular blocks, the cap block 
for splitting out is not required, and in such instances the 
cap, the depth of the false keel or keels, is the one that is 
obtained of free-grained wood, for easy removal. Above this 
cap, a thickness of block, equal to the depth of the felse 
keel or keels, is worked. The blocks have their upper sur- 
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fibces to the inclination of | of an inch to a foot, and the ship, 
¥rhile building, is inclined to the horizon at the angle given 
by such a depression. The after blocks, if above 5 feet in 
height, are braced together, and shored on their after-sides. 

It has not unaptly been suggested that the keel may be 
denominated the back-bone of the ship, and that the timbers 
of her frame bear the same analogy to the structure that the 
ribs do to the human frame. The planking of the ship, under 
such a comparison, may with equal force be looked upon as the 
skin to the structure making up the fabric. The keel is 
usually composed of elm, a wood that is preserved by being 
immersed in water. The fibres of this wood are tough, and 
well adapted to receive the numerous fastenings or bolts that 
pass through it, such as the bolts through the lower timbers 
of the frames called floors. The size of the keel in a 
first-rate man-of-war is SO inches by 20 inches, technically 
fityled SO-inches square. The number of pieces of which it 
is composed in length, depends on two conditions — the 
length required by the draught or drawing of the ship, 
and the store of timber which the builder has at his 
command. The last condition should be kept in view by 
the practical shipwright throughout the whole of the me- 
chanical operations of the shipwright carpentry. He should 
never lose sight of the old and trite proverb of '* cut* 
ting his coat according to his cloth.*' These pieces of 
keel, in a first-rate, rise in number to eleven or twelve or 
thirteen pieces ; and it has been usual to have the after-one of 
oak. The fore-mast piece, in the Queen's service, has the 
fore-end curved up to form what is called the boxing or the 
over-lap of the keel with the stem to unite them together, 
which mode of connecting one piece of timber with another is 
usually termed a scarph. The scarphs of the keels are locked 
into each other by raised and sunken portions of them, as 
shown by the sketch in next page. 

a b the overlap or length of the scarph of the one piece of 
keel; c d the overlap of the other; <i a sunken groove, in 

B 3 

Digitized by ^^U<jy It: 



10 



Bupoanrnjur 





|»;ij^i:'r^ 



■■.1|U-j»,! 



dimensions ^rd the width of the piece, and oo^-bdl i 
the length of the scarph, the depth being l^ inch; i ^ 
wood left above the plain sarihce e /, equal in sm ^ 
the hollow n ; the surface of the scarph of the othel 
piece has the raised wood at i;, and corresponding sonka 
groove at d : when these two surfaces are brought togeihe. 
the groove a receives the raised wood e, and the grooved 
receives the raised wood b, thus locking the two pieces c( 
keel together, the abutment gh of ^ inches redstiDg asj 
sttain brought on the pieces of keel to pull ihem apart This 
method of uniting is technically termed a tabled scarph; the 
length of the scarph is determined by the distance between 
the timbers of the ship, the scarph being long enough to tab 
two of the bolts through the keelson— -a timber thai will be 
shortly desoribed. 

The rabbet of the keel or groove sunk in it to receive tb^ 
plank of the bottom is usually, in the merchant service, taken 
out at the upper side of the keel, as shown in the sketch (Fig. i, 
p. 11), and marked a ft c, leaving the depth o<l below the plank- 
In the Queen's service the rabbet is brought to the lowerpart of 
the keel/, the lower part of the groove or rabbet being only 4 
inches firom $, or /« is iequalto 4 inehoe; Ihefabbee^on the 



Digitized by VjUUy It: 



OK'IBIF BOILDniO. 



11 




I 



BUDnCCnTABT TBEiXm 



wer side, or fg, is taken oat in the same way as e fr of tfaet 
rstem ; but the depth of it, f h/iA increased, so that \ 
3 within 1| or 2 inches of the upper side of the keei 
h ; and the rabbet is then formed to the figure of which ftf| 
a section. This formation of the rabbet of the keel 
I a thick plank being worked next to the keel ; and, 
10 system thus described, of working the keel and pi 
I the bottom immediately in junction with the keel (t 
icallj called garboard strakes) may be said to form a coinli-| 
ation of keel-pieces ; and where strength and efficiency anl 
lore considered than expense, the safety keels of Mr. Lao^l 
laster shipwright of Woolwich Yard, will be adopted by ncr I 
bant builders. In the Queen's service, the good results orj 
ftfety of the ships that have in numerous instances attendeil 
n the plan has caused the system to be uniyersallj adopted.] 
'he strength which is given to the fabric by this combinatkn 
f keel-pieces is not the only advantage which the system' 
resents. In the old plan, the depth of the keel below the 
abbet cdioima a lever, on the vessel taking the ground, tD 
ssist in tearing the keel out of its place. In the new plan 
be distance {Je) is not more than ^th the distance (c <i), whid 
iminishes the lever fths of its length ; and, in addition, the 
bick garboard or keel-pieces form firmer resistance or abuV 
lents to any movement in the keel longitudinally. 
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FALSE KEELS. 

Below the main keel, pieces of elm from 4 to 6 inches in 
hickness are worked of the same breadth as the keel, the whole 
xtent of it ; the butts or ends of these pieces of wood should. Y>e 
laced between the scarphs of the main keel : the object of this 
ddition to the depth of the vessel is to give her a greater im- 
dersion to prevent lee-way, and that, in the event of the ship 
aking the ground when in shoal or shallow water, the false k^eel, 
eing only slightly secured to the main keel, may be easily 
jrced off from it and the vessel be freed from her danger. 
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8TEH, 

^l&e foremost boundary of the ship, being a continuation of 
tlie keel to the height of the vessel at the fore extreme of 
\xer : it is usually composed of English oak timber, and receives 
in a groove taken out of it, technically termed a rabbet, 
tl:ie whole of the fore-ends of the plank of the bottom, 
called fore-hoods. In large vessels the stem is, from the dif- 
ficulty of finding timber of sufficient dimensions, composed 
of three pieces, distinguished as being the upper, middle, 
and lower pieces of stem ; these are united to each other 
and to the fore-end of the keel by scarphs, as described for the 
keel, or \vith coaks ; the scarph which unites it with the keel 
being in mechanical terms denominated the boxing. (Sketch 
of the boxing. Fig. 8, p. 11). The stem is wider in the sided 
way or thickness at the head or upper part of the upper piece, 
the lower end of the lower piece being of the same thickness 
or siding as the keel at their junction. The most desirable 
position for these scarphs of the stem will be pointed out 
when the description of the construction of the frame of a 
vessel is farther advanced ; the security of them, as restricted 
to the stem itself, consists of round pieces of dry wood, called 
coaks, and copper bolts, usually placed as described li^r the 
annexed sketch, at Fig. 2, p. 11, where the coaks are marked 
thus, 0> wid bolts 0. 

STERN-POST, 

I The after-boundary of the frame, or ribs of the ship, being 
^ the after continuation of the keel to the height of the deck, . 
and forming, similarly to the case of the stem and planking 
forward, the receptacle for the after-ends of the plank of the 
bottom, a groove being taken out of it called a rabbet^ to 
receive these ends, which in mechanical phraseology are 
termed after-hoods. The stem-post is usually of English oak, 
when the dimensions of it and store of timber will admit of 
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soch a oonyersioii, and is usaall; in one piece ; it should b^ k 
sound quality and well aeaaoned. Sometimes in laige yessel 
a false post is worked at the after-part pf tbe main-post;^ tk 
reduce the required dimensions of this portion of the firaLme ; 
such conversion or provision should be avoided, if possible, 
the post being the foundation to which the rudder is hcm^. 
and thence requiring solidity of construction. Should it te 
impossible to obtain the main-post of a largd ship in one, the 
expedient that has been sanctioned is to have the lower end 
scarphed, placing ihe outer butt of the scarph under onQ of 
the braces worked on the post, for the reception of the mdder, 
or ioT forming the hinges on which the rudder hangs. (See 
Budder). The lower end of the stem-post technically tenne<f 
Ihe heel of it, ia inserted into the after-piece of keel, to which 
it corresponds in thickness or siding, by tenons or teeth, which 
fit into mortices or grooves sunk in the upper and after part 
of the keel to receive it. 

a h tenons or teeth in the post, or mortices in the keel 
(Fig. 8, p. 11). 

Occasionally, to assist the conversion of the timber for the 
post, the after length of keel, or after-piece of keel, is worked 
up as shown in the sketch (Fig. 4, p. 11), which is, in &ct, 
making the after extreme similcur to the fore, and decreasing 
the expense of the stem-post by an increase in expenditure in 
the conversion of the keel. The store of timber will best 
determine which expedient should be adopted. 

There is also an inner post, which is made to succour the 
imarci-post by being brought on the fore side of it*, it i« cfowAleJl 
to the. main-post, and may be fairly considered as making 
up a combination of timber that would be provided in imh 
if the treed were of sufficient size. In round and elliptieal 
stems, timbers called post-timbers are worked oa eaeh side 
of this mass of timber to form the shape of the vessdi at the 
extreme after-part, giving to it the rc^eand contour of the 
stem. • ...... : . 
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The frame of Che ship, or wbat is BometittOfl termed the 
rxbs, wbiefa, as before stated, may not anaptly be compared to 
t,liat part of the human frame that bean the same title, is 
i^lie portion of the structure that gives the form or shape of 
tlie Tessel. It is composed of numerous assemblages of timber, 
denominated either floors, cross-pieces, half«-floors, floors short 
a.nd long armed, Ist fattocks, find futtocks, drd futtocks, 4th 
ftittocks, 5th futtocks, top timbers^ according to the carpentry 
that is to be used in putting the vessel together; and here the 
skill and ability of the practical naval architect will be evinced, 
as the maximum of strength and minimum of expense in the 
frame, under the form given to the ship, will be alone ob* 
tained by the judgment shown by the converter or cutter out 
in giving the best arrangement of length to the seveml por*. 
tions of the frame or to the shift of timbers. In this sti^ of 
tbe work, the store of timber should be well considered and 
carefully examined, and probable difficulties in following up 
his intentions and the expense attending it, should check 
tbe views of the designer of the combination, towards com- 
pleting what would seem to be the ultimatum of his wisli; 
for maximum or greatest strength should be well weighed 
with the practical certainty of its accomplishment, under the 
resources at his command, as in most instances a trifling 
deviation from the design will be attended with very salutary 
effects on the ease of conversion and ihe price of the frante 
of the ship. 

.rtooBs. 

In the merchant service at the present day, and formerly 
in the British navy, this portion of the frame, which xmites 
the two sides of the ship, has a middle seating on the keel, 
by which arrangement the two arms of the floor-timber reach 
eqnally on each side of the keel. 

ahedifi a section of the floor-timber, ef being tiie mid- 
dle liae of the Aip: to give a steadiment to the floor when 
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placed across the keel (Fig» 5, p. 11), tedmically called cross- 
ing it, a piece of timber called the risisg wood, a section cl 
which, ^lAik, is shown in the Fig., is worked, to allow oi a 
score or groove being taken out of it; a corresponding one 
is sunk in the seat of the floor, the doable score being soffi- 
ciently deep to insure the points iand k of the timber when 
let down being brought well to the upper edge of the rabbet of 
the keel, at % and k^ that the plank maj laj on the timber and 
the edge of it fill the rabbet In some instances the rising wood 
is dispensed with, and the floor has for its steadiment a ooak 
placed in the seating, part in the floor, and part in the keel 
(Fig. «. p. 11). 

In the Queen's service, or in the construction of the British 
navy, the pracdee is, to have I J inch wood in the keel above 
the rabbet of the keel, under which system of working, fths 
of an inch is taken out of the keel, and| hs of an inch out 
of the seating of the floor; bringing, as in the old system, the 
lower side of the floor timber down to the upper edge of the 
rabbet of the keel, by which means the seating of the floor on 
the keel has fths of an inch wood to steady it. The floors are 
let down mosdy by what is called the cutting-down stafi^ given 
from the mould-loft floor, which gives the height of the upper 
side of the throat of the floor at each frame. Some adopt the 
practice of having what is termed a seating line razed on the 
keel each side, as a standard to measure from, to the seating of 
each floor on the rising wood. 

IX>NG AKD SHOBT ABMED FILUNO FLOOB OF THE BBITI6H 
NAYT. 

The difficulty of the conversion for the floors on the old 
shift of timber has been attempted to be ameliorated, in the 
Queen*s dockyards, by every other frame of timber, or what 
is termed a filling frame, being constructed as shown by 
Fig. 9, p. 11. Supposing a&cd to be length of the floor 
described in the ^t section on floors, a half shift or butt has 
fbeen adopted on the one side as pointed out by the full line,tf 
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the ticked line, g h, being the corresponding butt on the other 
side, giving two timbers at the middle line. This certainly 
would assist the conversion were all the lower timbers of the 
frame, floors crossing the keel ; but such is not the case, 
onlj one-half being so designed. The difficulty in obtaining 
one-half the lower timbers of this form, combined with the 
conversion of the floors for the other required half, leaves no 
doubt that the system is attended with an increase of expense, 
and has not a commensurate advantage in strength. 

CBOSS PIECES COMBINED WITH HALF FLOOBS. 

Another method to unite the two sides of the frame of the ship 
was introduced by the late Sir Bobert Seppings, formerly Sur- 
veyor of the Navy, and consisted of a cross piece or short floor 
across the keel, with two timbers meeting at the middle line 
of the vessel, denominated half floors. This plan is one 
uniting strength with economy, and is the combination that was 
used in many of the ships now in the Boyal Navy. The Fig. 
10 will describe the method of putting them together. 

The butts of the half floors should be 2 inches alternately 
on either side of the middle lind, to give a better space for 
placing the coak or dowel, which ties them to the keelson, a 
part of the frame which will be described in the after text. To 
secure the half floors to the cross piece, and to make the three 
timbers in their combination nearly equivalent to a solid 
mass, dowels, or circular coaks, were used of 3 inches in dia- 
meter and length, sunk 1^ iach into cross piece or half floor, 
placed as shown in Fig. 11, p. 11. 

These dowels or tenons prevent the surfaces of the cross 
piece and half floors from sliding over each other, while the 
bolts placed in each arm of the cross pieces through the half 
floors eflectually prevent a separation of them. The heels 
of the half floors had also a dowel placed in them, as described 
in the section shown by the sketch. 
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1st FITnOOKS. 

In the merchant service these timbers ran down to the 
side of the rising wood or dead-wood, leaving a watercourse of 
the breadth of it or of the keel (Fig. 12, p. 11); in the Queen s 
service they formerly batted against each other at the middle 
line similarly to the half floors described in the last sectioB, 
or Fig. 18. 

The practice now adopted in the Queen*s service is for 
these timbers to come to the heads of the cross pieces or floors ; 
and dowels or tenons of hard wood are placed in the heads 
and heels, as shown in the sketch (Fig. 0, p. 11). 

2nd FurrocKS. 

The 2nd fiittocks are placed on the beads of the half floors, 
and the 8rd futtocks on the beads of the 1st futtocks, the 
4th futtocks on the head of the 2nd futtocks, the 5 th futtocks 
on the head of the 3rd and the top timbers on the heads o{ 
the 4th timben, these, with top timbers and leugthesiog 
timbers, completing the frame. 



PART TIL 



KooQ and Spaea; being the Distance which the Frameti of the Ship an 
pU«ed apart along the Keel, to fonn the Skeleton of the Ship. 

Thb distance that the frames should be apart, or the dis« 
tances denoted by the equidistant straight lines in Fig. I, p. 11, 
both in the sheer and half-breadth plans, requires the care- 
fiil and joint consideration of the practical builder and the 
constructor, as having great influence on the weight of the 
hull and the strength of the fabric ; on this essential point 
the aim should be to have the weight of the hull the least 
possible that will be compatible with the required strength, 



Digitized by LjOOQ IC 



Olf dBSP BVICDXNO. 10 

A a dimwutioo of the weight of iU in ewganotion with the 
equlMte firmnecMi of &krio, will allow in the merchant serrice 
>£ more oargo being carried to a given or proposed draught 
>f water» and in the Qaeen*a service will permit of an im-» 
|[iroYeniant in form und^ a proposed displacement or total 
^weight of the ship when equipped for sea; for the total weight 
of the ship, being equal to the weight of the hull, added to 
tlie weight of the provisions, stores, and equipments, a reduc- 
tion of the weight of hull, one of the terms of this equality, 
with due regard to strength, would admit of a less displace- 
ment, which would decrease the volume immersed to the 
proposed draught of water, and enable the oonstructor to fine 
the form under water, whereby the propelling power of the 
sails would have less resistance to overcome, and the speed 
be increased. 

The room and space given id the Qaeen*s service varies 

from /3 feet 6 inches to 8 feet 9 inches, as the space to be 

occupied by each set pf timbers called a fiame,- which is com* 

posed of one cross piece or one floor, two half floors, or two 

Ist futtocks, two 2nd futtocks, two 3rd futtocks, two 4th fat* 

tocks, two 6th futtocks, and two top timbers, with lengthening 

pieces as required to bring the frames to the proposed beightt 

The room and space has reached to the extent of 3 feet 

9 inches in modem times, nnder the just conclusion, as 

before stated, that a decrease in the weight of the bull (all 

other weights and the form remaining the same) would 

insure greater speed, to which quality everything else 

has been made subservient* The equal spaces, when de* 

termiued, are marked on the keel by a long measuring rod, 

called a station, or room and space staff, which is fur* 

xiished from the mould-loft floor or large room, where the 

drawing of the ship that had been formed on the scale of a 

quarter of an inch to a foot, is expanded to its full size, or 48 

times larger. The joint of the cross piece with the half floor, 

or of the floor with the first futtock, is kept well to these 

stations, and the frwe'f timbers, m they go upwfurdsi m^o kept 
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apart from each other aooording to their respective sidings or 
thicknesses, leaving at all points equal openings; and the 
upper timbers being the least in size, the openings aloflt are 
consequently the largest, but should, if the frame's timbeis be 
well disposed, be neyertheless all equally distant from each 
other. 



PART IV. 



DeicriptiTe of the Deadwood. — Apron. — Stemion. — Innor Post. — Cattiiig 
down of tlie Floon. — Bauing of th« Fnmei^--SociiriDg ibe Fiames. 

DEADWOOD. 

Thb extremes of the ship, or the fore and after ends of 
her, having a form given to them that causes the floors* tim- 
bers gradually to become more rising or Y like in appear- 
ance, vrhich renders them first difficult to be obtained, and 
finally not within the natural growth of timber, it then be- 
comes necessary to have recourse to other methods to con- 
tinue the assemblage of timbers which compose the frame of 
a ship. The position in the length of the frame of the ship, 
where it would be advisable that the component shifts of tim- 
bers should be reduced by the floor, must be determined by 
the practical builder with reference to the capabilities of 
his store of timber, the half floor and the dud futtock of the 
square body being in the cant bodies cut in one length, and 
thence called a double futtock : having fixed that point, the 
deadwood becomes the foundation, against which the heels of 
the double futtocks and 1st futtocks are abutted. The dead- 
wood is worked of the same width as the keel amidships, and 
the keel tapering at the fore and after ends, the line of the 
upper edge of the rabbet necessarily rises up the deadwood, 
to give the same breadth where the timber meets the dead- 
wood, thus forming what is termed a bearding line. 
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APBON. 

"Witbin the stem, to saccour it and a£Ebrd wood for the re- 
ption of the plank of the bottom, and the heels of the fore- 
most timbers, a timber called the apron is worked. The 
pron may be justly considered as a portion of the fore dead- 
'ood, being a continuation of it in a similar way that the 
tern is a prolongation of the keel ; the size of it, in the sided 
»r atbwartship direction, is the same as that of the stem, 
tnd in large ships, where from necessity it is composed of two 
pieces, the scarph by which it is united is made to give shift 
to those of the stem: by shift is meant that it is placed 
intermediate between the scarphs of the keel and stem, to 
ensure the greatest strength under the required combination 
of materials. 

The scarph of the apron is dowelled and bolted to itself 

at the lips or ends, the middle of the scarph being left for the 

bolts of the stem, and of the knee of the head to pass through. 

The apron is also dowelled to the stem, as shown in the sketch 

(Fig. 8, p. 11). 

STEXSON. 

The stemson is a timber worked as a further support to the 
stem (Fig. 8), and the three — stem, apron, and stemson — form 
a miass of timber that is subdivided in conversion, from the 
impossibility of obtaining one timber for the whole, either to 
the size or the curvature required. 

INNSB POST. 

The inner post bears the same analogy to the main post 
that the apron and stemson do to the stem, and may be con- 
sidered the continuation of the after deadwood, to form a 
foundation for the reception of the plank, to succour the main 
post, and receive the heels of the extreme after timbers. 
With a view to the further support of the main post, consi- 
dered as being united to the inner post, and forming with it 
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one mass, a groove is taken out at the middle line on. the for^ 
side of the inner post; and the after end of eacfai layer d 
deadwood has a corresponding tenon raised in it, which beicg 
dropped into the groove in the inner post, forms a steadiment 
to the two posts or mass of timber in the athvmrtship di- 
rection. 



CtTTTINa DOWN OF THE FLOORS, OR THE flElGHT OF THEIS 
THROATING OR UPPER SIDES OF THEM FROK THE liOWEB 
EDGE OF THE RABBET OF THE KEEL. 

ef, cutting down (Fig. 5, p. 11) of the mid^p floor^ or 
height of the upper side of the floor above the rabbet of tk 
keel. 

The throating or moulding usually given to the midship 
floor, is once-and-a-half of their siding or thickness; and to 
determine the height of the cutting down, and thenoo l^foat- 
ing of the foremost and aftermost floors, the scantling or size 
of the timber is described on the mould-lofb floor, and the 
height is there determined that will give the moulding that 
is thought sufficiently strong for the ship, and practicable of 
conversion from the store of timber. 

In the foremost floor (Fig. 14, p. 11), ^ #, is the form of the 
floor to the outside of the timber, as shown on the mould-loft 
floor, a b the form given to the inside of the timber ensuring the 
scantling or size a g, then af becomes the height of the catting 
down for the foremost floor. In the same manner the height 
of the cutting down [c d) for the after floor is determined so 
as to obtain the square scantling {h c). A batten passed 
through these three points, viz., the midship one, and the 
two fixed as here described^ will give the height of the c^^ 
ting down for all the floors, and, continued beyond them to thd 
stem and stem-post, will form the height of deadwood neces- 
sary for the reception of the heels of the fore and after 
timbers of the frame of the ship, or those of the fore aod 
after cant bodies of her» 
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LAISING TH& FBAMES, OB A DEVELOPMENT OF THE FORK OF 
THSS SHIP By THE BIBS OB FRAMES BEING PLACED ACBOSS 
THE KEEL. 

The several assemblages of cross pieces and half floors, 

Eloors, and 1st fattocks» or long and short arm floors, as the 

practical carpentry may be, are flrst what is technically called 

oTossed, that is, placed athwart the keel at their respective 

stations. They are let down to their catting downs by means 

of the depths given from the mould loft, on what is termed 

a. cutting«down staff, and they are squared across the keel 

'by using a long stafl* as a measure from the middle line 

of the keel to a given station on each arm of the floor or 

lialf floors; and to set them perpendicular to the keel, a 

level and plumb is used, by having a long straight batten 

placed from arm to arm of floor or half floor at a given mark 

or station. 

Ist. To hold them in this position, the floor ribbands, or 
pieces of square fir, of 5 inches by 5 inches, are then brought 
round the outside of the floor timbers at. a given height 
marked on each floor arm as floor sirmark, which station is 
given by the moulds from the mould-loft floor, and cut in on 
the timbers when worked or trimmed 5 these secure the heads 
of the floors in position, and are well shored to the bottom of 
the slipway, the head of each shore being scored over the rib- 
band, and a nail placed in it. The ribbands are secured to 
the frames in the Queen's service by eye bolts, have a screw 
thread in a portion of them ; they were introduced into the 
service by Mr. Blake, late master shipwright of Portsmouth 
Dockyard, and are invaluable £Dr mechanical purposes. 

2nd. The assemblage of timbers composed of 1st futtocks 
and 2nd futtocks, &c., are put together on the ground or 
slipway, and bolted with frame bolts of iron to constitute 
each frame (see sketch, p. 25), and they are hoisted into 
position over the heads of their respective floors by the means 
of large sheers, formed of pieces of wood called hand masts; 
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the bag of each frame, or the curv&tnre of it, being preserved 
as pointed out by the sketch (Plate 5, Fig. 0). 

Section of Building Blodu, Keel^ and Floor. 



HALF FLOOR 




The continuations of the ribbands beyond the square frames 
are called harpins, and require from their curvature and form 
to be trimmed to receive the after and fore timbers, which 
are denominated cant timbers ; the ribbands and harpins are 
sometimes scarphed to each other, but the connection is the 
more usually kept up by one length of the ribband being 
made to overrun the other. 

The consecutive ends of the timbers are dowelled to 
each other, the dowels being 3 inches long, giving 1^ inch 
into each timber thus : — 



Section of the Timbers showing the DoweL 
rwv\^ 4th Fnttock heeL 



€■ 



• DoweL 



#AA/^2nd Futtock head. 
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5th Fnttoek head.} - 



3rd Fattock head.) - 



iBtFuttockhead.}! 



- (4th FntUKk head. 



- {2nd Futtock head. 



Frame Bolti and Ghocki nuurked x 
In the merchant service, 
and formerly in the Queen's 
service, the heads and heels 
of the consecutive timbers 
are united by chocks, as 
shown by the sketch — ^thus. 
This method assists in the 
conversion of the timber, the 
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chock supplying the deficiencj of the wood required to form the 
square butt ; but the chocks were found to subject the frame 
to early decay, and a moderately increased first expense to 
the Goremment is not to be considered, when efficiency and 
durability is at stake. There is a difference in opinion on 
this arrangement, a further detail of which is not within the 
limits of this small work. 



PART V. 

Deflcription of the Fore Cant Timbers of the Frame. — Their n8e.^-Steitt 
Fieeei. — After Cant Timbers. — Changes in them in the Navy of this 
Country. — Keelson or internal Keel. — Side Keelson. 

CANT TIMBEBS OV THE FBAHE. 

The immersed portions of the extreme ends of a ship, or her 
bows and quarters, are rounded off; in the fore extreme or 
bow, to give the ship a form that will divide the water with 
ease when it is propelled by the sails ; and in the after ex- 
treme, which is termed the quarters, the body immersed is 
made fine to allow the water to pass to the rudder in a line 
with the keel of the vessel, to insure the full effect of steerage 
or the government of her motions by the rudder, by which 
adaptation of form the space aloft is made considerably larger 
than below ; under these circumstances the square timbers, or 
frames, that have been described, could not be continued the 
whole length of the vessel, with due regard to strength and 
economy, and thence 
recourse has been 
had to a disposition 
of the frame, called 
cant timbers, a cur- 
sory description of 
which arrangement 
will now be given. 
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a i is the foremost square timber «s it would be depicted 
on the half-breadth projection of the ship plan or drawing; 
and here, perhaps, no better illustration can be given to this 
mystical device of the shipbuilder, than to compare his draw 
ing9 with the paper mouse-trap of our younger days ; in the 
plaything, the succession of circles while on the surface of 
the card board seemed without substance or form ; but by 
raising the internal and smallest circle we gradually drew 
each successive circle from the board, and a paper mouse-trap 
rose to our then wondering eyes. Thus it is with the ship- 
builder^s plans. The lines there delineated, require to be 
raised by the mind above the paper on which they are drawn 
to the required distances apart, to form a diminutive repre- 
sentation of the vast structure which it is now attempted to 
make familiar to the uninitiated, and to place the praotioal 
carpentry of it within the intelligence of the school-boy. 

With respect to the cant timbers, or the fQling of the space 

between the square frame a h and the stem at c, it may be 

compared to the staves of half a cask, or that departing from 

the direction of the sides of the timbers which form the square 

or atbwartship body» and which timbers have their sides 

vertical and athwartships ; the cant timbers, keeping their 

sides still vertical, have gradually to be inclined to 00^ or 

a quarter of a circle, to meet the stem, the plane of whose 

sides or siding way is fore and aft ; the heels of them also have 

a less space, as a/, for their reception, which causes the prao- 

tical builder to reduce the cant timbers in their siding or 

thickness at the heels, to make them close joints, or, indeed, 

angle against each other, from a given point, taking the wood 

away partly from each. Thus at ^ ^ they are made to cross on 

d e, at some point I, or to open at an angle both ways from that 

point, the heels of each at the deadwood being reduced by the 

substance, that the directions of the timbers give, in crossing 

each other at the deadwood, as t /. 

Against the stem it is usual in the Queen's service to work 
an angled or snaped timber called the stem piece, having for 

c S 
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its object the increasing the distance between the knigbt- 
heads, or first cant timbers on each side from the stem. The 
knightheads form the sides of the seat or bed for the in- 
ception of the bowsprit*, the stem-head forming the bed; and 
thej would without this precaution be weakened bj the hole re- 
quired for the bowsprit being more in diameter than the thick- 
ness of tbe stem, which would deeply cut into the knightheads 
if the stem pieces were not worked. The next timbers to the 
knightheads are the hawse timbers, worked for the reception 
of the hawse holes ; they had formerly filling timbers worked 
between them, with the butts of them coming in the hawse 
holes, to prevent (as in the case of the knightheads) their being 
weakened by the holes cut through them for the hawse pipes 
in which the cables are used. The remaining cant timbers 
are frames of timber only for the form and strength of the 
vessel. 

AFTER CANT TIMBERS. 

The explanation given for the disposition of the fore cant 
timbers will apply to all but the extreme after timbers, and 
here the ingenuity of the modem practical builder has been 
allowed to show itself in all sorts of systems. The form given 
to the extreme after part of the ship, in former times, was 
universally what is termed a square stem, and under this 
shape the vessels used for commerce present themselves to 
this day : not so in the Queen's service ; there, each year of 
this latter age has witnessed fancied or real improvement in 
the stern, when attained at a vast public expense, superseded, 
it might almost be said, from a desire for change in the 
mlers of the naval dynasty of this great maritime country. 
And on an impartial review of the navy of this country for 
these 95 years past it will be found, that square stems were 
pulled down to make room for circular ones, and that these 

* The bowsprit is a large spar used as an out- rigger, projecting bejond 
the fore extreme of the ship, on which the head or foremost sails are ex- 
tended or set. 
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circular ones in the same ships, have in their tarn given way 
1:o those of an elliptical form, and the day may not be ht 
distant when the chain of changes may be completed by a 
return to the original square stern. 

KEELSON. 

The keelson, as denoted by the name given to it, may be 
considered as an internal keel worked with the view of 
strengthening the vessel lengthways, and, in conjunction with 
the keel, confining the floors in their respective stations. 
The bolts of the keelson are driven through the throat of each 
floor and through the main keel. The keelson is in ships of the 

Disposition of the Fastening in the Keelson. 
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O Coak or Dowel. X Bolt 
navy coaked or dowelled to the half floor or 1st futtock of each 
frame; and,Jbr the better reception of these dowels, the half 
floors are not butted or joined at the middle line of the vessel, 
the excess being made on the alternate sides to assist in the 
disposal of the coaks. The keelson, in scantling or dimen- 
sions, is the square of the siding, or athwartship way of the 
keel, and, in the conversion of it, the lengths are determined 
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by a dae regard to the store of timber, and tlie giving shift 
or OTerlannching to the scarphs of the keel: the centres oi the 
masts, and the fore and aftermost pieces should extend beyond 
the foremost and aftermost floors of the square body, to connect 
the keelson with the deadwood. 

Bheteh ihowing (he Section of a CroU'pisee, KmUoh, and 
Half Floon. 
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g h keelson, in form square, and in dimensions the siding or 
width of the keel {kl); o and d, the heads of the cross-piece, «, 
the butt of the half floors placed on the one side of the middle 
line to admit of a coak / in the keelson being used clear 
of the butt (tf); ah, keelson bolt, passing through the 
keelson, cross-piece, and keel: the bolt should be placed 
on either side of the middle line for greater steadiment to the 
combination — ^the limit to the spread of the keelson bolts 
being such that the bolt may not break out in the rabbet of 
the keel. In the merchant service the keelson is bolted 
as described for the man-of-war, but dowels are not used, 
as the heels of the 1st futtocks do not come to the 
middle line of the vessel. The keelson bolts are of cop- 
per, and vaiy in diameter, according to the tonnage of 
the vessel, from 1| inch to }ths of an inch. These bolts are. 
driven on a ring of mixed metal, and the copper being beat 
out by driving, a head is formed larger than the ring, forming 
a hold when driven, beyond the friction of the bolt, which 
tie to the keel is completed, by the point of the bolt being 
spread over a ring let into the under side of the main keel ; 
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€bi3 arrangement of the fastening unites firmly the keeU 
son and keel together through the medium of the cross- 
pieces and half floors. The rings are shown in the sketch at 
t.lie head (a) and point (b) of the bolt (a b). 

Watercourses or gutters should be formed under the keel- 
son and side keelsons, which is effected by the fillings being 
less moulded than the timbers. Bee description of Plate d. 

BIDE KEELSON. 

In the Queen's service, inside the frame of the ship, 
abreast the main-mast and about 6 feet on each side from the 
middle line of the ship, timbers called side or sister keelsons 
are worked, the intention of them being to strengthen the 
ship in the immediate yicinity of the main or principal mast, 
the step to receive the mast resting in part on these auxiliaries 
to the main keelson. The lengths of the side keelsons vary 
from 80 to 50 feet, according to the size of the ship. The 
siding and moulding, of them is usually d inches less than 
those given to the keelson itself; they are bolted with copper 
bolts through the timbers of the firame and the plank of the 
bottom, these bolts forming part of the fastening of the out- 
side planking. 



#IDC KEEUDR 




In the sketch, the sections of the side keelsons and main- 
keelson show their relative positions and their security through 
each alternate timber of the frame ; a b and e d being the 
bolts, forming also a portion of the fastening of the bottom 
plank. These keelsons are al# dowelled to the timbers of the 
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ship ; the dowels, as /, being placed in those timbers which 
do not receive a bolt, and are in number such as to be £rom 6 
to 8 feet apart. 



> 



PART VI. 

Ffllingt between the Fimme of the Ship.— Introduetioii of them by Sir 
Robert Seppingi. — Their intended Uie. — The Methodi first adopted, and 
that at present punned, in her Majestj*s Dockyards. 

Sib Robert Seppings, a late Surveyor of the Navy, pro- 
posed that the frames of H. M. ships, to a certain height from 
the keel, should be made water-tight, independently of the 
outside planking, to the desirable end that, in the event of 
the ship sticking the ground, and the outside planking being 
forced off or being seriously damaged, the vessel would still 
float. In addition to the important advantages to be obtained 
from this mode of practical construction, as tending to the 
preservation of life and property, the projector had further in 
view the increase of strength given to the ship by her being 
thus made, as it were, a solid mass of material below the water. 
It is found in practice, from the form given to the bow and 
quarters under the water being fine or sharp to ensure velocity 
in sailing, that these extreme portions of the ship are not 
water borne ; and that thence the midship volume displaced 
must, to make up the whole displacement or weight, be on the 
contrary greater than equivalent to the weights placed over 
it The results which arise from this inequality between the 
superincumbent weights and the upward pressure of the 
water are practically evidenced by the falling of the extremes 
and the rising of the middle of the vessel, causing the keel 
of the ship after she has been some time afloat to assume a 
curved form, which is technically termed hogging. To take this 
altered position in the water, theory points out, and experi- 
ence confirms, that the materials below a certain point in the 
depth of the vessel must have been forced into a closer con- 
tact with each other; and th«t thence the more dense the 
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materials used, and the more perfect their combination in 
building, the less alteration there would be in the form of the 
vessel when floated. 

To effect this firmness of fabric, Sir R Seppiugs at first filled 
in all the openiugs, below the water, between the frames or 
ribs of the ship, with bricks and mortar between cants of wood, 
and in after times with cemeut made of sand and water, or 
sand and coal-tar; but these preparations for fillings were 
found to be the fruitful sources of early decay to the frame- 
timbers of the ship, and were thence abandoned; but the 
system was proved correct in principle, and the usual practice 
in Her Majesty*6 service is wholly to fill these openings with 
sound and well-seasoned fillings of wood. The fillings ex« 
tend in some instances from the middle line of the ship at the 
keel to the load line or line of supposed deepest immersion ; 
but they do not hold their moulding to that height, being 
gradually reduced in size to half the moulded breadth of the 
timbers at the upper line of them, they being made on the 
outside fjEur with the timbers of the frame. This gives a 
vmtercourse (Plate 2), under the internal planking, for the 
drainage of the water arising fi*om leakage or otherwise to the 
limbers (p. 47); the main pipe, as it were, communicating 
with the pumps. It only remains to be added that the fillings 
are caulked inside and outside previously to the internal and 
external plank being brought on, thus making them water- 
tight, that the vessel may float or swim should the outside 
planking of her be injured by the ship striking the ground. 



PART VII. 

Internal Trnasing. — Introduction of it by Sir Robert Seppingi — Stabilitj or 

Pirmness of it — Remarks on the Views taken of it by the Projector.— 

Former and the latter Systems of Trussing the Ships of the Boyal Navy 

contrasted. 

The late Sir Robert Seppings also introduced into the 

^tem of practical building of the ships of the Royal Navy, as 

o 8 
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a substitute for a portion of the internal planking, a combinar 
lion of wood-trussing to strengthen the ship, and illustrated 
the intended effect on her bj a reference to the stability 
given to a five-barred or other gate by the bar which is placed 
across the horizontal portions of it. The illustration would 
have held good, had the strain (which he, in common with 
others, knew was brought on the gate) been similar to that to 
which his trussed fnune in the hold of the ship was subjected. 
In the gate, the stifibess being required in the vertical 
position of it, the cross-bar is made wholly effective ; but the 
same gate would be found very weak if its strength were 
tested by a force being applied to bend it horizontally or the 
flat way. This trussing frame, called by its projector a 
diagonal frame, was composed of timbers nearly equal in di- 
mensions to the lower timbers of the ship, and might be justly 
termed an internal frame, disposed diagonally or similarly to 
the croSs-bar of the gate, as being athwart the frame of the 
ship ; but in the lower part or near the keelson, this trussing, 
in flat-floored vessels, was wholly out of comparison with the 
vertical position of the bar of the gate, and in those ships 
having a rising or sharp floor it only approidmated to it. The 
diagonal framing thence became nearly useless as a truss, 
and its beneficial effects were confined to uniting the several 
timbers of the frame together in a longitudinal direction. 
This framing also, in practice, was found to interfere with the 
stowage in the hold ; to be subject to early decay, the more 
especially so where old ship timber was used for this purpose, 
as originally suggested by the projector; and, moreover, to yield 
little strength to the carpentry of the ship. Such practical re- 
sults, combined with some share of the love of change in the 
Successors of Sir Eobert Seppings, led to the introduction of 
the present mode of tying the frame timbers to each other by 
a succession of iron plates (Plate 2), as a substitute for the 
former wood frame. These iron plates vary in size according 
to the rate or tonnage of the vessel, their thickness being 
from J inch to 1 J inch, and their width from 3 inches to 6 
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inches ; their lengths in some cases extending from within a 
Bhort distance of the keelson to the top sides or upper part of 
the vessel*. 

The mode of working these plates has heen the snhject of 
much controversy among the practical builders of the navy. 
In some instances thej have heen bent to the inside of the 
timbers ^thout being inserted into them; while in others 
thej have been buried half their thickness in the frame 
timbers, and, in some cases, the practice has been sanctioned of 
letting them in their whole thickness : .but surely the insertion 
of them into the frame must be erroneous, — the frame of a 
large ship is always difficult to obtain the moulding way, and 
the axiom of nothing being stronger than its weakest part, 
would cause the practical builder to ponder well before he 
weakened the frame of his ship, by the score necessary to 
receive a plate that has little tendency, when worked, beyond 
the stringing, as it were, of the timbers of that frame together. 
These plates are bolted through the frame timbers and outside 
plank ; and the bolts in them should form part of the regular 
fastening of the bottom. In small vessels these iron 
riders are screwed to the frame timbers by short screws, in 
the alternate holes; and it is advisable, in all vessels secured 
by this system, to work tliese iron riders before the outside 
plank is brought to, securing them temporarily with the 
screws ; for the timbers of the frame being in some degree 
united by them, these plates will then prevent the edge sets 
used in planking, from separating the heads and heels of the 
several assemblages of timbers which constitute a frame or 
rib, and produce a desirable result ; for, if such a separation 
takes place to any considerable extent, the stiffness of the 
frame is in a great degree destroyed, as the heads and heels 

* The iron plates or rideri at the top Bides should be reduced in thicknett, 
in the midship portion of the ship ; and at the extremes, or the bows and 
qvarken of the vessel, both npper and lower riders should b« reduced both 
in thkk&eM and width, to obtain the adranta^ of stren0h, combined with 
lightness in the huU of the ship, 
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can then, and will, work oyer each other when the ship is 
acted on hj the force of the sea. 

Sketches showing a compartment of the diagonal frame or 
iron trass frame of the present time are subjoined (Plate 2). 

In the merchant service this system of trass frame has never 
been generally adopted, from the great additional expense at- 
tending its use; but in the year 1822 two vessels were built 
by Messrs. Gordon of Deptford, having the principle of wood 
trussing applied to their practical building under a most 
advantageous form. A system of trusses was placed between 
the lower and upper decks, where the sides of the ship were 
quite straight in the fore and aft way, and vertical in the up and 
down. The body was thus made, as it were, rigid or immove- 
able to change of form at that part, and the rest of the structure 
might be considered to be secured from deflection or breaking, 
by being attached to the unalterable combination of this 
portion of the ship. The expense incurred by this system of 
building prevented its being followed generally in the mer- 
cantile navy ; but Mr. Lang, master shipwright of WoolvTich, 
has with great success applied the diagonal frame under the 
same principle to the Trafalgar and Eoyal Albert, first-rates, 
each of 120 guns, and probably Mr. Lang may have made 
the original application of the system to such purposes. 



PART VIIL 
Shelf or intenial Hoop. — May be considered as a Portion of the internal 
Planking worked to receive the Ends of the Beams. — Sections showing the 
relative Position of it with the Frame of the Ship. — Description of the 
Becnrity nsed for it. 

SHELF. 

At the height of the under side of the beams* which receive 
the several decks or platforms of the ships in the Royal Navy, 
internal ribs of wood are worked longitudinally, the whole 
length of the vessel, to receive the ends of the beams, and 
are thence called shelves ; they may be considered as portions 
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of the internal planking of the frame, and are usnallj brought 
about or worked, but not bolted, before the outside plank is 
brought to, as forming a good internal ribband, to preserve the * 
form of the ship while the outside plank is being worked, Mr. 
Slake *s screws being usually employed to keep it temporarily 
in position. 

Sketch No. 1 shows the -section of the frame timber, 
shelf, and beam, as usually practised. The shelf is composed 
of several lengths or shifts ; the one being scarphed to the 
other by vertical scarphs, the length of the scarphs being 
governed by their being made equal in extent to two (p. 17) 

Fig. 1. Fig. 3. 





portions of the room and space given to the timbers of the 
frame. The scarphs are coaked or dowelled together with 
three dowels, and on bolting the shelf one bolt is generally 
placed through it at each frame timber, except forward and 
aft, where the distance between these bolts varies from 2 feet 
6 inches to 3 feet; the upper surface of the shelf a b, on which 
the beam end rests, should be below a level, to prevent a 
lodgement of water. Fig. S is a section showing the method 
used by Mr. Lang, master shipwright of Woolwich Yard, in 
working the shelf, as doing away with the chocks, which are ne- 
cessary in the plan. Fig. 1, to receive the iron knees that unite 
the ends of the beams to the sides of the ship (Plate 3) ; this 
arrangement will be again adverted to when that part of the 
structure is described. The bolts used for the shelf are of 
copper, varying in diameter from jths of an inch to 1 J inch, 
according to the tonnagid of the ship and the thickness of 
the body at the several portions of the same ship where the 
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shelf is worked. These bolts should form part of the regular 
fiastening of the outside planking, and should be placed as 
nearly square to it as the nature of the work will admit ; for it 
should carefuUj he kept in view that the shortest fastening 
through a given or fixed thickness is to be preferred, as 
embracing twofold advantages — that of strength, together 
with economy in the use of such expensive material as 
copper ; and also, that a reduction of copper bolts in length, 
with no diminution in the firmness of the hull, is at- 
tended with the best result to the naval constructor— the 
maximum lightness of the hull of the ship. To exemplify 
this, the accompanying sketch is given as descriptive of the 
lower shelf of most ships, the shelf laying oblique to the tim- 
ber of the frame. 

a b the usual level bolt, cut- 
ting the outside plank obliquely. 
. c d the bolt placed square to 
the outside planking, shorter 
tt^an abf more square to the 
seating of the shelf on the 
timbers, and thence a stronger 
and cheaper fastening. 




PART IX. 

Planking, or placing the Skin on the Skeleton or Pnune. — iPrelimlnary 
Bemarks. — Deictiption of the ouUide Fiank, ooniidered in the myenl 
PenominatiMM, of Wales or Bends, Diminiihing Flank, Plank of the 
Bottom, and Garboard Stmkeii with the Methods of conYetting and 
working them. 

TO 007EB WITH THE FLANK. 

The frame having been completed in harpins and 
ribbandS) and the shelf worked as described, the skinning or 
planking of that frame is next to be accomplished. In both 
the merchant and Queen's services, the position of the wale^ 
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or bends, marked n (Plate d), which are the thickest 
planks worked on the ship, is first rtized on the timbers bj 
means of long battens, technicallj called sheer battens, the 
best situation for them having been beforehand determined 
by the practical builder on his drawing ; and it must here be 
advanced that the careful and intelligent practical architect 
'will, for economy, strength, and the perfection of his work, 
build his vessel on paper from his drawings and from the 
sections he can make from those drawings. The conversant 
eye of a draughtsman, under such circumstances, can with 
advantage and accuracy scan over the miniature of the ship, 
as shown by his plans ; he can by them determine the re- 
lative positions of the several parts of the vast fabric, and 
ensure to them the maximum or greatest strength of com- 
bination with the least quantity of materials. These remarks 
are intended to relate more especially to the fastenings which 
are to pass through the bottom plank of the ship, which 
sliouldbe wholly disposed of on paper, to avoid over fastening, 
which causes weakness in the vessel from two considerations — 
unnecessary perforation, or boring of the timbers of the frame, 
and the additional weight given to it, from the fastening, 
whether iron or copper, being in weight more than the wood 
taken out to receive them. 

WALES AND PLANK OF THE BOTTOM. 

The frame of the ship, previously to the plank being worked, 
should be set perpendicular by dropping a plumb-line from 
the centre of the cross-pauls, when the point of the brass or 
plumb should agree with the middle line of the ship, razed in 
or marked in upon the upper side of the keelson : if it 
should not do so, the shores placed to the ribbands should be 
slacked or loosened on the one side and taughtened or driven 
up on the other, until the point of the plumb touches the 
middle line before described. 

The Cross Pauls are long pieces of plank which have the 
breadth of the ship at particular stations marked on them, and 
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thdj are secured to the timbers at their stations, to preserve 
the form of the ship while she remains in frame, and until 
the beams are crossed. 

The bends or wales of the ships in the Queen's service are 
usually of English oak, called, in shipwright phraseology, 
thickstuff, running from 4^ inches in thickness, in small vessels, 
to 10 inches in first-rates. A representation of the plank, 
or what is termed a shift of the butts of the plank, is made on 
paper bj the draughtsman or practical builder, who, in making 
it, must have a cautious reference to the store of thickstaff 
and plank at his command before he determines the lengths 
of the plank or shifts to be used in building the vessel, that 
he may not have difficulties to overcome from the number of 
planks he will require of an assumed over length. The ports 
in ships of war will require consideration when determining 
the butts of the wales *. The English plank and thickstuff, from 
being cut out of trees wide at the butts or lower ends and 
narrow at the top ends, partake of the character of the tree, 
and thence for economy and good conversion require to be 
worked in a peculiar manner, denominated top and butt, or 
the bringing the butt of the one plank to the top of the other, 
to make up a constant breadth in two layers, as shown in 
the figure below. 

1 




Thus in the two planks, a e and e h, the width of the two 
being d feet, it is usual to work what is called the touch {d e) 
15 inches, leaving the top ef of lower layer ^ A to be 9 inches, 
to complete the assumed width of 24 inches, or, if it will assist 

* With reference to haying each phink or shift of them in length, th« 
space occupied by 2 or 8 ports, thence called 2 or 8 port Bhifts, 
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>nYersioii, these may be altered to 14 inches and 10 inches* 
laking 24 inches. The touch e is taken at ^th the whole 
3ngth of the plank from the butt end. This arrangement 
;ives the edges of every other plank parallel to each other, 
tyled fair edges. Sometimes English oak plank and thick- 
tujff is worked what is termed Anchor Stock, but this should 
)e resorted to only when extreme cases require it, from the 
sxtravagance of the conversion ; it may, however, be worked 
withL advantage in the channel wales of line-of-battle ships, 
and the spirketting of them and that of frigates. 

Sketch of two Layers of Plank-worked Anchor Stock, 




The thickstuff is lined for anchor-stock conversion by its 
being made to hold its greatest width in the middle of its 
length, as ef, when the width of the top end, as ac, will 
determine the reduction to be made in the butt end {bd), b d 
being made equal to a c> and the points c and/, d and/, being 
joined, will give the form of the plank ; and the under layer 
will be of the same shape, giving the width of the two together 
as that which would result from adding the breadth which the 
plank will hold in the middle of its length to a similar width 
at the top end. This method gives also a fair edge or line 
for every two layers of plank worked. From the lower edge of 
the wales, the width of which in large ships extends to 14 or 
16 strakes, the planks have to be diminished in thickness, to 
meet the intended or given thickness for the plank of the 
bottom. Thus, in the first-rate, where the wales are 10 inches 
in thickness and the bottom plank 5 inches, the planks fol- 
lowing immediately under the wales have gradually to be 
reduced in thickness from 10 to 5 inches : the planks which 
are worked to effect this graduation in thickness are techni- 
cally denominated diminishing stuff; and the method usually 
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adopted to regalate the decrease is to strike two lines af 
tapering lines as follows : — 
Under aide Upper ride 



I 



of walei. of bottom* 

The diminishing plank being, in the Qaeen*s service, d 
English oak, is worked top and butt for economy, whence 
each of the sections marked 1, % 8, ^c, contains two lajers oi 
the depth, giving in this example 14 planks to effect the 
diminution from 10 to 5 inches, or nearly fths of an inch 
difference between the upper and lower edges of every tvo 
consecutive planks, or the fair edges of the planks, considered 
as being worked on the top and butt system. 

The plank of the bottom extends from the diminishing 
plank to within five or six strakes of the keel, these latter 
being of elm, and are termed the garboard strakes ; the plank 
of the bottom below the diminishing plank, as far as the sup- 
posed light draught of water, or the immersion of the ressel 
before any weights or stores are placed in her, is, in the 
Queen's service, usually of Dantzic oak plank, the remainder 
of the bottom being of fir to the garboard strakes. In the 
merchant service, the bottom plank is often a mixture of fir, 
American elm, and English elm. 

• The fir strakes, in the Queen's service, have invariably the 
after shifts or hoods of oak, for the better security of the stem- 
post and rudder, and the fore shifts or fore hoods are of the 
same material where the form of the bow requires the 
plank to have a great curvature or twist in it. 

In working the plank of the bottom, including the wales 
and thickstuff, the earnest endeavour of the practical naval 
architect should be, for the plank to be brought to the timbers 
without having recourse to forcing the plank upwards to the edge 
of that already worked, or that which, in mechanical phraseo- 
logy, is called an edge set, should be used as little as possible; 
it being well known in practice, that the material or planking 
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tliat would hear the bending one way, may be easily broken 
\>y an attempt to force it the cross way to that already used; 
and in working the plank, should the edges or the thickness 
of the plank be bruised, and the bruised portions of them 
not be removed, early decay of the plank will ensue from 
the injury which has been received by the grain of the 
wood. The best method to obtain the desirable end — that the 
plank should be worked to the bottom of the vessel without 
being crippled by edge sets, and to meet the circumstance of 
the girt of the midship body of the ship being so much 
greater, &om the form given to the vessel, than those of the 
fore and after bodies — is, to pen or bend a broad batten round 
the timbers of the frame, in a longitudinal direction, as a re- 
presentative of the plank, at the breadth in midships, of every 
six or eight strakes of plank, allowing the ends of the batten 
to take their own position on the timbers of the frame. This 
arrangement will give spaces fore and aft, considerably less 
than those set off and determined on amidships, as the space 
to be occupied by the six or eight strakes of planks, which 
decrease of room for the reception of the planks must be met 
by the fore and after shifts or lengths of plank being di- 
minished in their width gradually, all fore and aft of their 
lengths; and should it be necessary, some of the shifts at the 
extreme ends are dispensed with, by the use of what is in 
ship's carpentry denominated a stealer (see Plate of Expansion 
of Plank). The diminution of the width of the planks at the 
bows and quarters assists the conversion of the plank, as it 
allows of plank being used, that, from having sap or unformed 
wood on its edges, would be unavailable for the breadth used 
for the midship portion of the plank of the bottom *. 

• The fore and after ends of tlie fore and after shifts of each strake of 
thickstnff and plank are rednced in thickness, that they may be brought 
round the curved extremes of the ship with lest labour, and likewise lessen 
the depth of the rabbet in the stem or stem post As a general rale, the 
thickness of these ends may be taken at } of those of the thickstuff and 
plank amidships, in the same strake of planking. 

Digitized by CjOOQ IC 



a BUOIXBIITABT TfiEAIISE 

The plank should he well seasoned hefore worked, and to 
ensure as fiir as possihle the duiahility of the ship, which 
would he seriouslj affected hy the materials used in her being 
green, or having heen provided from timber or trees lately 
cut down, it is highly advisable, after the plank has been hung 
to the frame timbers by Mr. Blake*s screws, that the holes, 
for all fastenings that can be determined, should be bored off 
and left open to the draught of air that will be then drawn 
through them, and thus furnish the means for the interna] 
juices of the timbers to be drawn off, and the timbers to be 
well seasoned. 

The planking in former times was Csistened to the timbers 
of the frame by long wooden pegs, called treenails, the prac- 
tice being in large ships to place in each timber, through the 
planking, two of such treenails ; this was technically denoted 
double fastening. This mode was found to weaken the timbers 
by what has been justly termed their being riddled or made full 
of holes, and this led to the system called double and single, or 
two treenails being placed through the one timber, while each 
consecutive timber had but one in it. Treenail fastening was 
nearly exploded from the British navy between the years 
1834 to 1848, from the decay that was said to be attendant 
on the use of the treenail ; and from the treenail being sub- 
ject to be broken or upset by injudicious caulking of the seams, 
and thence copper bolts combined with a short mixed metal 
bolt-nail were introduced. The greatest evils attached to this 
system, are the additional weight thus given to the hall by 
the copper and metal, which are eight times heavier than the 
wood bored out for their reception ; and that the metal bolt- 
nail has no hold in the timbers, and moreover, if not driven 
with judgment, has a great tendency to split the plank and 
cause leaks. The treenails have, under these circumstances, 
been again resorted to by many practical men, as yielding 
good fSastening with lightness of hull. 

See sketch, following page, descriptive of the several sys- 
tems of fastenings for plank and thickstuff. 
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The upper strakas of the planb'ng, or those Bboire the 
water, are aometimeB connected to the fnune of the ship by 
the arrangement shown in the sketch helow, and the tie thus 
given to the frame of the vessel and the planking is an- 
doubtedlj a good one. 

h the butts of the outside 
planks ; a, dowels placed in the 
timbers immediately adjacent 
to the butts, and in the planks 
above and helow the butt, or 
end of the plank, the butt it- 
self being ^rd and f rds on the timher to ensure wood for tiie 
reception of the butt-bolt in the f rd wood, while the (rd 
wood of the timber forms a good stop for the eaulking, the 
other butt-bolt being placed in the aoyacent timher of the 
frame. 

Positions of the wales, diminishing planks, and the outsido 
and inside planking are shown in the Plate (3), 
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PART X. 

lofide PlanL^DeMription of the Limber Strakei, Strakei over the Headf 
and Heeli of the Frainei of the Ship. — Beami of the Ship eoondered af 
being connected with the Shelf and Waterway, when the two latter «n 
viewed ai portions of the internal Planking. — Beference to the Clamps and 
Spirketting. — ^Trussing between the Ports. 

INSIDE PLANKING. 

The first band of plank from the keelson is called the 
limber strakes ; a space being left between the side of the 
keelson and the lower edge of these strakes, to fonn, as it 
were, a gutter for the passage of the water arising from leak- 
age or other causes to the pumps or pump-well. A rabbet 
is taken out of the lower of these strakes, of which, in a hug^ 
ship, there are usually three on each side, to receive the limber 
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»<=>ards or limber *plates : the intentioii of these boards or 
>Xa,tes is, hj their forming a coyering to the limbers, to keep 
lk:3L& dirt, ivhich unavoidablj may Ml into the hold in stow- 
:M^g the ship, out of the gutter or limbers, that it maj not 
:>^ dra\?n into the pump-w^U and choke the pumps; the lim- 
h:>«r plates, so called, when formed of iron, possess the ad- 
i^Litional advantage of forming a portion of the required bal- 
Xfist, thence giving room for cargo or stores. The depth of 
Taold, a standard dimension of the ship, is measured from the 
:xxiidsbip edge of the lower strake of the limbers. 



'tW 



Point from which the dimen- 
lion of the ihip termed the 
depth of hold i« meMUied* 



HT^t KEt 




O Limber or watereonne. 



X Limber board or pUte. 



The planks worked internally, next to these, are those over 
the respective heads and heels of the frames; the heads and 
heels are marked in Plate 2, f h, i h, &c., and the planks v; 
and the same system should be adopted as was suggested for the 
working of the outside planking — ^that of pitching or placing 
them immediately over the joints of the frame amidships, and 
allowing the extremes to follow the directions that will admit of 
their being bron^t to the timbers without an edge set. The 
number uf strakes over each line of heads and heels varies from 
two to four in midships, according to the size of the ship, and 
they are invariably reduced in number and thickness at theiex- 
tremes or fore and after parts of the vessel, the decrease in the 
numb^ of them bdng effected by the process styled stealers in 
the description of the outside planking. Between these thick 
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strakes it is the practice of some builders to work short lengths 
of plank placed diagonally, while others leaye the space open ; 
the expense incurred by filling in between these thick strakes 
is not repaid by commensurate strength to the ship, and 
increasing the number of surDeu^es of wood, in contact with 
each other, is forming so many additional causes for early 
decay of the ship, which should be well considered by the prac- 
tical builder before he loads the hull of the ship with on- 
necessaiy wood and its consequent fastenings. 

BEAMS. 

The beams are placed across the ship, and in one respect 
may be considered as being to the ship what the rafters 
are to the house, the foundation to receive the floors or 
decks of each ; but the beams of a ship are no tie to the 
walls or sides of her; the beams in her do not keep the 
sides from falling outwards or spreading; on the contraiy, 
the direct tendency of the beams, when weights such as the 
guns of a man-of-war are placed on the platform or deck, 
which the beams support, is to bring a very considerable 
thrust or push on the sides of the ship to force them out- 
wards. This is observed in practice by the falling of the 
beams on the quarters, or the midway between the middle 
line of the ship and each of her sides, and none can gainsay 
the fact. It would not be well, in this rudimentary work, to 
enter into a scientific detail of the cause of this palpable 
effect ; but an elucidation of it may perhaps be afforded by 
the following simple statement : — the beams, which are placed 
across the ship, are set to a round or portion of a large 
circle, that the decks, from being laid upon them, and neces- 
sarily partaking of that round, may throw the water that 
may be used on them when the ship is upright, into the 
side, where holes, technically called scuppers, are placed 
to run it away. Take one of the beams thus considered as 
in the following sketch. 
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The beam abed resting on the shelf on either side may 
be looked upon as an arch having for its abutments the sides 
of the ship at a c and p d ; the weights placed on the upper 
side of the beam, or such an arch a 6, would tend to force it, 
liaTuig a round or pitch, ef, into a straight line (as c d), and 
xiearly the whole strength of the arch depends upon the abut- 
ments a c and h d-, for if they be immovable, the arch can 
only be destroyed by the destruction of the materials of which 
it is composed. In the ship the abutments formed by a c 
and h d are unsupported, and have no stableness in them- 
selves, and the beams are only supported at the middle by 
pillars ; and the results are, that on the guns or other weights 
being placed on the decks between the points c and e^ or d 
and e, or on what are in nautical terms called the quarters of 
the beams, the round ce or ed drops into the straight lines 
cfordfyhy the horizontal thrust of the beam forcing out the 
side of the ship at c and d. This must cause a weakness in 
the structure, which may be obviated in some measure by the 
under sides of the beams being made straight. The round 
of the decks might still be produced for the recoil of the 
guns and carrying off the water from the decks. The beams 
of small vessels admit of being provided from one piece of 
timber, or of being in one length; but in larger ships, 
their scantling, or width and depth, called in mechanical par- 
lance siding and moulding, coupled with the lengths required, 
will not admit of their conversion being made in one. They 
are therefore composed of two or three pieces, according to the 
store of timber, and are scarphed together by side scarphs. 
The usual method in the Queen's service is to employ coaks or 
dowels with bolts for the security of these scarphs, as shown 
in the sketch, the length of the scarph being |th the length 
of the beam (see Fig. 1, Plate 4). 

D 
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The moulded way, or depth of the beam, ia less tban tk 
sided vaj, \rhich is the weakest form to be giyen to the 
same area of section, strength increasing with depth ; but the 
siding being greater gives under the same quantity of wood a 
greater surface for the deck to rest upon. Mr. !Edje, the 
master shipwright of Plymouth Yard, has introduced in these 
latter days a scarph for beams, which had its foundation io 
the key scarph of old date, used by the joiner or hoiise 
carpenter, as also the scarph used by the shipwright to joiii 
the harpins ; it is formed as shown, Fig. 3, Plate 4. 

This scarph does not find many proselytes ; and it ia tb^ 
firm conviction of the writer of this small work, that, for strength 
and ease of workmanship, it will be found in practice inferior 
to the method of scarphing where dowels are used. 

WATSSWAIS. 

The shelf which is worked to receive the beams-ends of the 
several decks may also be considered as an internal hoop placed 
under the beams to increase the rigidity of the frame of the 
ship ; and the waterway which is now to be described forms a 
similar tie on the upper side of them. The butts or ends of 
them, which are made unavoidable by the limits of conTeisioii 
of the timber, are not scarphed or overlapped with each other 
as in the case of the shelf; consistency would make the prac- 
tical builder forego that arrangement in the shelf, if he con- 
siders that the waterway is efiBdently united without them. 
They are placed upon a carling between the beams ; and on the 
decks having ports, the butts of the waterway should be under 
the port, to give more latitude for the butts of the spiricetting, 
which should give good shift to the ports. The butts of the 
waterway and shelf partake of the same arrangement as the 
butts of the outside and inside planking ; and there is no ap- 
parent and sufficient mechanical reason why the difficulty of 
conversion which attends the scarphing of the shelf, if repaid 
by additional strength, should not be extended to the other por- 
tions of the planking; namely, waterway, thickstuff, and the 
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2»laDk of the bottom. Bat, on the other hand, reflection should 
cause the practical builder to oonsider all the parts of a ship 
as being made to succour each other, and thence not seek to 
complete each portion as perfect in strength of itself; and if 
be came to that just conclusion, the shelf would in common 
ivith other plank be worked with square butts. The water- 
ways have been subjected to many altemtions in shape and 
in their mode of connection with the beams. Good theoretical 
arrangements have been adopted to unito them firmly with 
the beam-ends ; but these unions haye depended so much on 
good workmanship, which could not be ensured, by even the 
most careful workman, from its being hidden from his view, 
that they would thence not be perfect even if no shrinkage 
took place in the wood — ^results that practice has proved to be 
beyond the skill of man and out of the course of nature. 
These remarks bear reference to the method of dove- 
tailing the waterways and beam-ends, or that of letting down 
the waterways oyer the .ends of the beams with a score 
or hole wider at the inner edge of the under surface of the 
waterway than at the outer edge. The most effectual way to 
tie the beam-end to the waterway is to dowel the two together 
and holt the shelf, beam-end, and waterway together. 



X Dowel in waterway and beam. 
Q Dowel in shelf and beam. 



and 



hrougb 
sbeli; 



e/ Bolt in and ont tkrough water- 
way, timbers, and ontsida 
plank. 



WAY )®-" 



12, 



BEAM 



w 



On the decks intended for the reception of guns, the water- 
way worked as above described was found materially to affect 
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the training of the guns, and thence the round part (ed,] 
which interfered with the training or pointing of the guns, 
underwent a change hj being hollowed oat to admit of the 
truck or wheel of the gun-carriage being worked into it. 

a is a section of the waterway, 
with the necessary alteration 
for the efficiency of the gun in 
men-of-war. In the merchant 
service, except in the larger 
vessels, thick waterways are 
not used. 

The inside planking imme- 
diately under the shelf of each 
deck is called the Clamps; while that placed over the waterways 
is distinguished by the technical term of Spirketting. As a 
more efifectual preventive to the beam-ends rising off the 
shelf pieces, from any alteration in the angle made by the 
beam with the side of the ship (pi 49), when the vessel is 
rolling in a sea-way, the spirketting should be dowelled to 
the timbers of the frame, a practical arrangement that cannot 
fail to succour the waterways which form the upper abutment 
or resistance to any movement of the beam-ends; and ia 
men-of-war the clamps work down to form part of the upper 
cill of the port; while the spirketting works up to form a 
portion of the lower cill of the same : both clamps and spir- 
ketting are usually bolted edgeways. 

LOWER SIDE OF SHELF i 



CLAMPS 



UPPER CILL 







PORT 


d 


^^ 


if 


PORT 




> 






LOWER CILL 


SPIRKETTING i 




WATERWAY 1 



The space between the clamps and spirketting is shut in 
with thin planking, denominated short stuff, between the 
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ports. In Sir Robert Seppings* system of ship building, in 
this portion of the ship the short stuff was worked up as a 
truss-frame, abutment pieces being worked at the sides of the 
ports as shown by the preceding Fig., and Plate 8. 

b are the abutment pieces, and a the truss, the section show- 
ing the direction given to the trusses placed between the ports 
before the middle of the ship, the truss being reversed in 
position in the spaces between the after ports as shown by c of 
the Fig. : these trusses were so short that little advantage was 
found to attend on their use, and the expense of their prac- 
tical carpentry has caused their disuse. 



PART XI. 



Description of the action brought on the ends of the Beams of a Ship when 
rolling in a Sea. — Methods by which the ill effects of snch racking or 
straining has been partially counteracted. — Breast-hooks and Crutches de- 
scribed, as formed of Iron. — Wood and Iron, or wholly Wood. — Transoms, 
their use. 

SEGXTBITY OF THE BEAMS TO THE SIDE OF THE SHIP. 

A SHORT outline has been given descriptive of the beam of a 
ship, as being first placed on the shelf, followed by the water- 
way being worked above it, and then the process of uniting 
together the waterway, beam, and shelf; the connection 
of these three en masse with the frame of the ship has also 
been briefly pointed out, supposing the beam-ends to have 
no other security than these ribs of thick planks. Suffi- 
cient in strength as such a combination might prove for 
vessels built for commerce, it would be found wholly 
inadequate to the rack which is brought on the decks of a 
man-of-war, loaded with heavy guns, when the ship is acted on 
by a heavy sea, and she is propelled by such a large moving 
power as the sails of a vessel of war. Many have been the 
expedients that have been adopted to prevent the working of 
the beam-ends from the sides of the ship ; but before any of 
them are given in detail, it will be well to place in a simple 
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and familiar point of viaw, the eanaas which prodaoe tlie in- 
jnrioaa afbota which it has hecn the aim of aU pTactical ship- 
boildan to diminish in part, or, if poasible, totally to ooanter- 
act. 




The rolling motion of the ship has been found in practice 
to alter the position of the beam-ends with respect to the 
sides of the ship, or that there is a variation in the spaces 
marked a b and c d, or the measures of the angles that the 
beams make with the timbers. The effect which is produced 
may be thus considered : suppose cd to he on the lee-side or 
side immersed, and a 6 to be on the weather-side, or the side 
that is raised out of the water in the rolling motion, there 
will be a strong tendency to increase the length of the line c d 
by the beam being raised from the shelf; while, on the con- 
trary, there will be a similar effort to decrease the line a b 
by the force produced pressing down on the shelf. To resist 
these strains, and preserve the fastenings of the ship from 
being racked when subjected to them, should be the earnest 
endeavour of the practical naval architect. That these ef- 
fects shall be wholly neutralized is beyond the skill of the 
shipbuilder, while the sides of a ship are left withotit support 
as described when the beams were under consideration. Seve- 
ral methods, or sketches of knees, will now be given by 
which this desirable end has in some measure been accom- 
plished (vide references to Plates 6 and 7). 

BBBABT-aOOKS AKD ORUTCBBS. 

To unite the two sides of the ship together at the fore and 
after extremes, or at the head and stem of the ship, in the 
cant bodies^ where the floors or lower timbers do not cross 
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tlie keel, inside timbers are worked ; those forward are called 
breast-books, and the after ones cratches. These hooks and 
crutches have equal arms extending across the middle line 
of tbe ship, at which place, or at their throating, they are the 
widest, or of the most moulding. The lengths given to the 
arms of these hooks is determined by the store of timber, and 
tbe number of them is at the discretion of the practical 
builder; they are equally spaced between the deck-hooks, 
'wluch latter may be very well included under the same head 
^th them, with this distinction, that while breast-hooks are 
placed square to the stem and the form of the bows, by 
vrhich position they cross several timbers of the frame and tie 
them together, the deck-hooks must have their upper sur- 
faces to lay with the round up of the beam, and to the sheer 
of the deck, and that their positions are fixed, from being at 
the heights of the several decks. 

The difficulty which attends on the conversion of timber 
into breast-hooks, deck-hooks, and crutches, has led to their 
being in some instances made wholly of iron ; in others of a 
combination of wood and iron ; and yet again of wood, under an 
assemblage of parts or pieces. When wholly of iron they are 
strapped over the apron, as shown in the sketch here given. 



L 



^ Iron, ^ith wood ekingg. 




Iron wholly. 



PLANK I 

J Wood in combination. 
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When compoBed of wood and iron, two arms of wood, called 
in the trade ekings, are worked, the upper surfiBce of them 
being flush with the upper side of the apron, and on the 
upper side of these an iron breast-hook or plate of iron is 
placed and bolted through the frame-timbers and planks. 
When formed of wood, two ekings are worked, as pointed out 
in the combination of wood and iron, and then a wood hook 
over them, the whole being bolted to the ship*s bottom. 

The size of the bolts used in these ties for connecting the 
sides of the ship at the fore and after boundaries of her, vary 
in size, even in the same hook or crutch, the bolts in the 
throating or the widest part, being larger in diameter than 
those placed at the ends ; and the bolts at the throat should 
be placed across each, as shown in the sketch, for wood 
breast-hooks, to bring the fastening square to the outside 
plank for efficiency, and to shorten the bolts for economy 
and lightness. The bolts should also be spaced on the upper 
and lower edges of the depths of these hooks ; such depths 
being in the deck-hooks usually the moulding of the beams 
of the respective decks. {Vide also Plate 6.) 

The foundations used to receive the ends of the several 
decks abaft, and to unite the stem to the body of the ship, 
are called deck transoms ; they are worked in a similar me- 
thod to those described as deck-hooks for the fore part of 
the ship. In ships with square stems a transom called the 
wing transom forms the base of the stem. 
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PART XII. 

Framing the Decks or Platformi. — Hast-partnen ai fitted in the Britiah 
l^ayy. — As fitted in the French Navy. — Fnuning to Hatchways and Lad- 
derways. — Riding Bitts, their use and position. — Admiral EllioVs Bitts, 
vhere nsed. — Flat of the Deck. — Inner Waterways. — In laige Yesseli, 
liow secured. — Ports.— Size, how determined. — ^Bleration and depression 
of the Ghins. — Distances between the Ports. — Limits to such. — Descrip- 
tions of the Port Lids. — Half Ports and Bucklars. 



FBAMINO OF THE DECKS. 

The beams of the deck having been placed across the ship, 
on the shelf, and the knees worked to them, with the water- 
ways over theirf, the next work to be performed becomes what 
is technically termed the framing of the deck, or what would 
be called by the uninitiated the mocking out the doorways 
and trap-hatches. Of these, the first in consideration is the 
provision to be made for the security of the masts, called 
mast-holes. The mast-holes are larger in diameter than the 
respective masts at their several heights, by double of the 
thickness of the wedge which is considered to be sufficient 
for keeping the masts in position ; these wedges vary in thick- 
ness from 3 inches to 6 inches, according to the size of the 
vessel. 

The framing for a mast-hole, where deck wedges are used, 
is composed of fore and aft partners, cross partners, and 
comer chocks. The French have usually the cross partners 
of the foremast on the several decks shifting or movable; 
thus providing for an alteration in the position of the foremast 
without much expense being incurred ; the fore-step, or where 
the heel of the foremast is supported, being so framed as to 
admit, within certain limits, of a corresponding movement. 

The hatchways, or doorways from one deck to the other, 
are formed of four pieces ; the two placed fore and aft are 
technically called coamings, while those athwartship are deno- 
minated head ledges. The head ledges rest on the beams, 
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and the coamings have pioces of wood called carlings placed 
under them, reaching from beam to beam. 



VhOt, 



a a Coomingt. 

66 Headledgef. 

c Cariinff under 
ling. 



e 



The carling (e) is worked 2 inches wider than the coaming, 
to form a support to the strake of deck -flat that comes on it. 
The head ledges and comings are dowelled and bolted to the 
beams and carlings. Their height above the beam is such as 
will prevent the sea, if it should be shipped or taken on 
board, from rushing into the hold of the ship. The coamings 
have a rabbet or groove taken out of them to receive gratiDgs 
that are placed over the hatchways, to give a free passage 
across them in time of action. 

The ladder ways are framed in a similar manner, and on 
the deck exposed to the weather there are skylights and 
framings for the galley or cooking range worked on a 
similar system ; but these minor points can only be alluded to, 
in a rudimentary work of this size. 

BIDIKG BITTS. 

These may with propriety be included in the firaming of the 
decks. They are placed forward to receive the cable when the 
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vessel is ridisg by her anchor, or held fn>m moTement by the 
axLcbor, and are thence called riding bitts. In H. M. Navy, 
from the line-of-batUe ship down to the small frigate, there 
are four riding bitts ; or, as it is usually termed, there are 
two pairs of riding bitts, such bitts being on the deck imme- 
diately above the water, as the lower deck of the line of battle 
ships and the upper deck of the frigate. The brigs and flush 
deck vessels have only one pair of riding bitts. 

The bitts run through two decks (see sketch, showing 
plan and fittings of riding bitts), and are succoured by a 
standard secured to them by bolts, dowels, &(i., as shown ; 
the cross piece completes the holdfast for the cables. Some- 
times, where the deck is confined in space for the work- 
ing of the guns, the arming of the bitts and the form of 
the standards to them are worked on a plan suggested by 
Admiral Elliott. This method of securing the bitts for the 
reception of the cable should never be resorted to but when 
want of breadth in the vessel compels its use, the bitt-heads 
on this principle having been known to be twisted out of 
place by the force of the cable when being worked round 
them. A sketch of them is added. In the merchant service 
the windlass is made to answer for riding bitts, doing the 
double duty of a capstan and riding bitts. A description of 
the windlass will be given when the capstan is under con- 
sideration. 

FLIT OF THB DECK. 

Next to the waterway, at the side (Pig. 2), as before de- 
scribed, a plank 1 inch more in thickness than the intended 
thickness of the platform or deck is worked with one edge 
into a rabbet formed in the main waterway for its reception ; 
this is called the thin waterway, the inner edge being reduced 
to the thickness of the deck plank ; the use of the thin water- 
way is to receive the ends of the decks forward and aft, as 
shown by the sketch in p. 60. In large ships the inner water- 
way should be bolted with short bolts into the beam, to resist 
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the caulking of the seam of the thick waterway. Thickness 
of deck (Plate 2). (Vid^ Scheme of Scantlings.) 




POBTS. 

In a man-of-war, or a vessel intended for war purposes, the 
sides above the water are perforated with oblong holes deno- 
minated ports, in which the guns are worked or manoeuvred, 
and out of which they are fired. The size of these ports or 
apertures is determined by the calibre of the gun that is to be 
used in them, and the Height of the lower part of the port, or 
the upper side of the lower port-cill from the deck, is fixed 
by the height the naval artillerist gives to the centre of 
metal of the gun, or the middle line of the gun when it is 
set horizontal or point blank, when combined with the re- 
quisite depression, or that which will allow of the gun being 
pointed downwards to the extent considered necessary to make 
it efficient ; after which, the depth of the ports on the several 
decks, or the up and down dimensions of them, is regulated 
by the required elevation of the muzzle of the gun above the 
point blank position of it. The depression and elevation 
considered eflfective in the Eoyal Navy of England is 7° of 
depression, and 9° of elevation, the quadrant being 90 of 
such degrees, or that portion of a circle which denotes a 
range of angle from the horisJontal or level portion to that of 
the perpendicular, or what is more familiarly termed plumb. 
The ports are from 7 feet 6 inches to 9 feet apart, according 
to the views of the constructor, who should in this particular 
give the utmost range of which the proposed design will ad- 
mit, as crowded quarters or small spaces between the guns 
lead to confusion in action, and possibly to casualties which if 
a longer and more open platform had been allowed would 
not have occurred ; on the other hand, to this there is a limit 
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£xed by tbe desirable end that the principal dimensions of 
-tlie ship should be the least possible that will cany with 
efficiency the armament which it has been determined she 
eball have on board. {Vide description of the Plate to Ports 
cind Guns). 



^ 



PORT LIDS. 

The apertures through the sides for using the guns, or the 
ports, are closed up in tempestuous weather by the port lids, 
>Thich on the lower decks of the large vessels of the English 
navy, or ships with two armed decks and upwards, are made 
to close the port-hole in one piece, and they are hung with 
binges on the upper side, which, with the method of fitting 
tbem, is described in the drawing annexed 

a Fort hinges of iron. 

c Illuminator for light when the port lids 

are down. 
b Scuttle in the port, to allow of the rammer 

for loading the gun to he out in bad 

weather. 
d Eing bolts to receive the port pendants, 

or the rope or chain to raise the port 

Hds. 
ee Eings. Bolts on the inside of the port 

to bar them in by. 

Air scuttles, invented by Mr. Lang, of Woolwich Yard, are 
now fitted between the ports, in lieu of the illuminator (c). 

On the upper deck of line-of-battle ships, and main-deck of 
frigates, the ports are in two parts ; the lower one hung with 
binges on the lower part of it, called a bucklar, and the upper 
part a half port to put in by hand. 
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PART XIII. 

TIm InlMiua SpMeof thaSbip; liowappMti«Mdwbtnfittodasatwo4fldud 
Ship of War, and appropriated to the nnget of the British Navy, ananged 
under the MTeral headi of—- Hold ; Orlop ; Lower or Gun Peck ; Ham 
or Upper Deck ; Quarter Deck, Waift, and Forecastle ; Without Boud; 
indnding a few cnnorj remarks on the Fittings required for the Sailiog 
BTolntaeiia of the Ship. 

The numeroug fittings of a man-of-vmr will next be giren, 
although much of the finish of the hull of the vessel has 
necessarily been omitted, from the restricted space afforded in 
this rudimentary volume for the details of such a vast and 
complicated structure as a fiiBt-rate man-of-war. The pro- 
minent features of the vessel have been briefly described ; if 
even such, had been attempted for the minutiie of it^ this small 
volume would in bulk have greatly exceeded its limits. 

The inside of the ship having been apportioned into divi- 
sions or floors by means of the several decks or platforms, 
these again are subdivided each within themselves, and appro- 
priated respectively to the accommodation of the officers and 
men, to the stowage and keeping of the water, powder for the 
use of the great guns and small arms, and provisions for the 
ship's company, and the stores requisite for service at sea. 
This internal arrangement admits of much controversy, and 
rival constructors and most naval commanders have their own 
opinions on the most advantageous position for the weights 
the ship has to receive on board. In this elementary work, an 
opinion of the merit or demerit of particular plans for stowage 
ought to have no place ; but it may be considered within its 
limits if the hint is advanced, that in disposing of the several 
portions of the floors or decks, due regard should be paid to 
the use to which it is intended to apply them. As an in- 
stance, in the main hold, or store-room for water, care should 
be observed that the bulk heads, or what may be considered 
the walls of it, should be sufficiently far apart to allow 
of there being stowed between them without overlength a 
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<^ert&in number of iron tanks for holding the water ; the tanks 

«3.enoininated d-ton taaks are in length from oat to out 4 ft. 

1^ inch; the hold should thence be in length a multiple of 

'^ feet li inch, so as to take in four, five, or six, Ac, lengths 

of tanks, and have no broken stowage. The same rule should 

Tdb observed in the provision rooms that are stowed with casks, 

GXid the naval constructor will be more likely to succeed in 

liis design when a system is pursued by him in such measures. 

HOLD. 

The hold is the internal lower part of the shell or hull, and is 
-wholly taken up as a deposit for provisions, water, and stores. 
The divisions of it in a man-of-war may be classed as follows ; 
premising that the bulk heads by which the compartments are 
formed are made of Sinch plank, sometimes worked up and 
down, at other times athwartships with stantions ; but in both 
instances coming to a beam. Commencing then from forward, 
the store rooms of the gunner, boatswain, and carpenter, or 
warrant officers, are placed; within which are the sides of the 
fore magazine or powder store, and its light room or room to 
receive lamps to light the magazine. Next aft to these comes 
a coal-hole, then the fore and main holds for the water tanks, 
inclosing the pump well or space for the reception of the pumps, 
and lockers or boxes for chain cables and shot, which aie then(% 
centred round the main or principal mast; such being the 
position given to them to concentrate the weights for the easy 
motion of the ship in pitching against a head sea. The after 
hold next follows, in which is placed what are technically 
called the wet provisions, or beef and pork in brine, in- 
closed in casks ; the portion of the hold next to this re- 
ceives the dry provisions, namely, oatmeal, peas, cocoa, Ac. ; 
while aft again of it is the spirit room, or store for the rum 
and wine for the ship*s company, and then there is usually a 
coal-hole, inclosing the after magazine or store of powder for 
the guns at the after part of the ship; and the extreme 
after part, which now alone requires to be alluded to, is 
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reserved for the bread room, in which the biscuit is stored m \ 
bigs containing 2 cwt. each, and occupying^ a space of at least 1 
5 cubic feet each bag. In hitter days, to form some protecdcii ' 
to the powder magazines from shells, when Bred by an enemy 
in action, water in tanks is placed round the sides of them. 

OBLOP. 

Leaving the hold and coming on to the orlop of a lined 
battle ship, there are, forward, the upper store-rooms of the 
gunner, boatswain, and carpenter, — and next aft to tbem, tbs 
cabins allotted to those officers as living and sleeping places. 
Other cabins are to be found in this part of the ship, coming 
on the same range, for the junior marine officer and pilot, &c. 
The cable tiers or store-rooms for the hempen cables follow, 
one on each side ; the centre part between them being occu- 
pied by the sail-room, which extends from fore hatch to 
main hatchway, a position which facilitates the stowing or 
removing of the sails. There is a clear passage kept Tovvd 
* the ship, which is called the wings, and is strictly presened 
as such, to enable the carpenters of the ship in action to h&re 
easy access to the sides of the vessel to plug up the holes 
made by the shot of the enemy between vnnd and water, or 
at the surface of the sea, which holes would otherwise en- 
danger the safety of the ship. 

Aft of the main mast on this deck, on each side of the 
ship, are cabins for the officers, and store rooms for the 
reception of their private stock of wine, &c. ; the centre part 
between them, which is fitted up with an amputation table, for 
the use of the surgeon in time of action, is called the cock- 
pit; in this portion of the ship the midshipmen sleep i^ 
hammocks slung up, similar to those used by the seamen. 

LOWER OR GUN DECK, 

The platform on which the heaviest guns to be carried '^^ 
the ship were formerly placed ; but in modem times the use 
of steam vessels, a class of vessels that will in the following 
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igea be briefly alluded to, armed with very beavy guns, and 
lose possessing a long range, has caused the introduction of 
^ ons of similar metal on to the weather or highest decks of 
' le sailing ships of the line, to render them more efficient, 
'he guns in the sailing vessels or ships of the line being on 
be poop and forecastle, it places them considerably above 
hose on the deck of the steam vessel, and necessarily gives 
hem a greater and more effectual range. On this deck are 
he riding bitts {vide Plate of them), by means of which the 
aempen or chain cables to the anchor or anchors are attached 
and secured to the vessel, for riding the ship when required. 
At the after part of it the tillar, or governor of the move- 
ments of the vast fabric, is placed, inserted into the head 
of the rudder ; the ropes by which the required positions of 
the tillar are effected being led by blocks to the steering 
wheel, which is placed on the quarter deck. The effective 
and easy direction of the intended course or road of so large a 
body as the firs^rate man-of-war, has in all times taxed the 
ingenuity of the shipwright and mechanic ; and thence plans 
have been patented and partially adopted which, in a few 
months, or at the most a few years, have been condemned by 
practice. The following method of fixing the blocks for steer- 
ing a ship has been found to ensure steadiness of motion in 
the rudder, to prevent any sudden jerk on the wheel, and to . 
enable the helmsman to reverse the position of the rudder 
immediately it is required. Assuming that the tillar is to be 
moved by the double rope on each side of it, passing through 
blocks at the end of it, the quantity of rope required under the 
usual fitting to string it is the most when the tillar or helm is 
amidships, whence any movement from the middle position of it 
will give a slackness to the tillar rope on the one side, and 
allow of the force of the waves, when striking the rudder, to 
jerk the wheel ; but there are positions for the fixed points 
and bbcks, which have been determined by the aid of mathe- 
matical reasoning, that will give an equal tension on all por- 
tions of the tillar ropes, and in every position of the- tillar. 
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Dmor^^tUm of tk$ diagram 
of a tUlar thtu fUud^K seo* 
Uon of the hetd of the rudder ; 
a being the centre of it and 
centre line of the pintles, h 
position of the blooke at the 
end of the tillar, to receive the ' 
ropes, the tillar ah being amid* 
ships, or being in the fore and 
aft direction of the ship. Di» 
vide the distance ah into three 

eqoal portions, of which 60 is one, having preyiooalj swept 
the tillar down to describe the circle developed by the end of 
it The point «, squared athwart the ship to meet the cixde 
described bj the end of the tillar at i, will give the position 
for the standing part of the rope ; and the point/, set off ^ of 
the length a 6, or the length of the tillar from 5, squu^ 
across the ship ; and fe, taken as 1^ of c d, will give the point 
for the station of the tillar block at the side of the ship. 
These points, thus practically determined, will ensure that 
the rope, roved through blocks placed at them, will move 
the tillar through the angle of 45° firom the midship position 
on each side without any slack rope being caused by it* On 
this deck, at the extreme after end of it, the mess-place of 
the midshipmen, or what is termed the gun*room, is sitaated, 
formed by the after part of this deck being separated from 
the whole by a bulk«head or screen. 

MAIN OB UPPEB PECK. 

This platform, on which the guns are not so heavy as those 
placed on the lower or gun deck, is termed by naval men the 
main deck, while by the shipwright it is called the upper deck. 
From the seamen it inherits this seeming contradiction in 
name from this deck having in former times been the place 
to which all the ropes were led for working the sails of the 
ship, and thence it became the scene of greater activity and the 
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Dtiain" point or centre of the evolutions of the ship. The 
ipwright calls it the upper deck, in consequence of its re- 
iving a perfect upper line of battery, or that the guns on it 
Liige fore and aft of the ship, or through her whole length. 
On this deck, in addition to the arrangements required for 
le efficient working and training of the guns, riding bitts 
ave been placed in modem times for anchoring the ship; 
nd on it all the requirements in the shape of bitts and sheaves 
,re still fitted for working the sails as heretofore, though thej 
ire not generallj used, eiccept in bad weather. This plat- 
'orm at the after part is divided off into small rooms or 
sabins, each inclosing a gun, to form the sleeping berths of 
the ward->room officers of the ship ; consisting of a commander, 
lieutenants, master, surgeon, purser, and marine officers. 
The centre part, between this row on each side of small bed- 
rooms, is apportioned as a mess^^room for these officers. This 
arrangement includes also a steward's room or pantrj, and 
other requisites for ensuring the comforts of gentlemen who, 
under the most &vourable circumstances, have not in their 
possession the most enviable berth under the service of the 
Crown. 

QUABTEB DECK, WAIST, AND FOSECASTUB. 

On the forecastle, or foremost part of this deck, the neces- 
sary mechanical expedients for bringing the anchor from the 
water when raised by means of the capstan (vide Appendix), to 
its sur&ce are placed. Two horns, as they may be termed, are 
fixed one on either side of the ship outside, and are called cat- 
heads ; e«ch of these have sheaves or pulleys in their outer ends, 
and have a rope passed through them, and a block termed a cat* 
block to form a tackle or pulley; the block having a large 
hook worked as a part of the binding or holding of it, which 
hook is called a cat-hook ; and this it is which is hooked into 
the ring of the anchor when it appears above the water and 
the anchor is thence, by the purchase or power which has been 
described, or what is called the cat-purchase, raised to the 
cat-head, and hangs suspended from the outer end of it; 
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in this position it is denominated as being at a cock-bill. To 
raise the lower end of the anchor, or technically to fish 
it, and stow the flues or spade-like arms of it against the side 
of the ship, an outrigger with tackles, called a flsb-davit, is 
used ; the anchor then usually lays with the shank to the 
sheer or longitudinal line of the side of the ship, and the 
pea of it, or the extreme point of the flue, rests on what 
is mechanically termed a bill-board. To keep the anchor 
in this position there are cat-head stoppers or lashings 
and shark painters or ties, and these have various ingenioiis 
contrivances for facilitating their being let go, when required 
for anchoring the ship ; those usually fitted were invented by 
a Mr. Spencer of Chatham Yard, and are known in the service 
by the name of Spencer's slipnstoppers. Mr. Blake, lately master 
shipwright of Portsmouth Yard, has also a fitting or method 
for the same desirable end ; but the nutshell which this rudi- 
mentary work presents for the reception of even the mere 
technical terms adopted by the shipwrights, must and will be 
received as a just and sufficient reason for no details being 
given of these useful inventions. There are on the forecastle 
holes through the bows of the ship, called fair leaders, for the 
ropes called sheets, connected with the head sails or those 
by which they are strained to the wind. Bolts are also placed 
round the masts to receive blocks for ropes to lead through 
from the respective yards and sails on the fore mast; and to 
the side of the ship immediately in the wake of the shrouds 
(or supports made of rope) to the lower masts, pin-racks, or 
pieces of wood with sheaves or pulleys in them to receive 
ropes and pins to which to belay those ropes, are bolted. 
In the waist, or between the fore and main masts, the heavy 
boats, called severally the launch and pinnaces of thb ship, 
are stowed on what are termed the skid-beams ; the deck of 
the forecastle and quarter decks are stopped short at the vraist 
amidships, which is thus left open ; the passage to and from 
forecastle to quarter deck being preserved by the deck at the 
sides of the ship going through and forming what are called 
the gangways. 
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The main mast has bitts round it and pin-racks similar to 
Itlg fore mast. The cabin for the captain is on this deck, 
xnder another after deck, which is termed the poop. Guns 
Lire carried on the forecastle and quarter deck, but not any to 
JoLG waist or on the poop, except in the ships of modem oon- 
stxuction, which have been armed with large guns to meet the 
steam warfare. On the outside of the ship, at the height of the 
poop-deck, long pieces of wood or of iron, named davits, are fixed 
for hoisting the boats, carried on the quarters, out of the 
water and. securing them while at sea. Similar davits are 
fitted to the stem at the same height. On the stem also a 
life buoy on each quarter is fixed; means being furnished 
for letting it overboard immediately in the day-time, should a 
man fall into the water ; and should a similar accident occur at 
xiight, the life buoy is so ingeniously contrived that a port- 
fire can first be fused or lighted, and then the buoy be let go, 
presenting by the light thus shown, a greater chance for the 
man to discover the buoy in a dark night, and for a boat from 
the ship to find both man and buoy, should he have been suc- 
cessful in reaching it. This description of buoy, which has 
for many years been fitted to all ships in the British Navy, 
was invented by Lieutenant Cook of that service, who must 
feel heartfelt gratification in having thus been the means of 
saving from a watery grave many a brother sailor. 

On the rough treerails all round the ship, what is termed 
hammock netting (see sketch of Hammock Netting, p. 71), is 
placed for the reception of the hammocks or beds of the 
sailors, which are stowed or placed in them during the day for 
a two- fold purpose : one, of forming a protection for the men 
from the effects of the fire of the small arms of an enemy 
during an action ; and the other to have a clear ship below during 
the day-time. The men in a line-of-battle ship usually sleep, 
or, as it is technically called, " hang up," on the lower deck, or 
the deck which carries the tier of guns nearest to the water; and 
the hammocks when brought up from below, and stowed in the 
hammock nettings, are protected from the rain and the sea by 
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painted oaoTas, termed hammock cloths. On the outside of 
the ship, arrangements are made for the rigging and sailiog 
of her. The sketch helow, marked Knee of the Head, sho^ 
the formation of the fore extreme of the yessel beyond the 
stem, giving the contour considered necessary for the ap- 
pearance of the ship, and forming a base for the secuiitj 
of the bowsprit, bj what is termed the gammoning; it 
also affords space for the arrangements required in the head 
of a yessel for a crew so numerous as that of a man-of 
war. The figured dimensions on it are the sizes of bolts, in 
inches, driven in the knee of the head of a small man-of-war 
for fixing it. The channels, as outriggers to the shrouds oi 
the supports to the lower masts, are the heaviest vi^ork. The 
breadth of them from the side is governed so that the shroud 



Sketch of Knee of the Head, 




a, KgnTO h«ad. h, Independent piece, c, Gripe, d, Ohocki to fill np 
, the knee. 
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or rope, when in place, may be 6 inches clear of the hammock 
rail (see sketch of Hammock Berthing.) The chain plates, as 
they are styled, are sometimes formed of links of iron. Bars 
of iron at other times form the communication from the rigging 
to the side of the ship. Great objections have been urged 
against the use of channels, as being subject from their ex- 
posed situation to be damaged by the force of the sea, and 
that of collision, should vessels run into each other; and plans 
have thence been put forward that in some cases have brought 
the direct strain from the masts to the upper side of the top 
side, to its manifest ii\)ury, and to the insecurity of the masts : 
while in others the channels have been formed by mere 




Hammock Nettings, 



No. 2. 



wr^w^ 




No. 1. — (a) Hammock stantions of iron^ witli horns to receive tlie rails h, 
(&) Bails, 8 inches by 2^ inches, to form with herthing or board of { inch 
thickness, boxes for and aft the ship for the hammocks, (c) Rough treerail. 

No. 2.^-The same, made wholly of wood; with the same references. 
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bolsters worked on the side. The latter maj be effective i 
when used in ships where the breadth or width of them » 
unnecessarilj great, and where great falling in of the sides 1 
has been the form given to the top sides of the Tessel ; and ik 
remoTs] of the channels from the sides of merchant sliipi 
maj be desirable, from the conyenience thereby affordai 
for their being placed in tiers or rows in. a harbour, ^lien 
lashed alongside of each other. At the bows, or fore par: 
of the yessel, on each side, a wooden or iron outiigger, 
termed a boomkin, is placed to receive the lower end d 
the fore-sail, or what is called' the fore-tack. There are 
also blocks or sheaves or pulleys let through the sides of 
the ship to admit the ropes which confine the ends of the 
sails, which ropes are technically termed "sheets;" thus 
there are fore and main sheets, boom sheets, &c, A ladder 
is also in these modem times fitted outside the ship, itovi. 
the edge of the water to the gunwale at the entering por^ 
which affords accommodation to visitors and the oflBcers of 
the ship : in former times such things were considereci un- 
necessary. The boom for the lower studding sail, or out- 
rigger for that sail on the fore mast, is made to answer lu 
harbour when the ship is at anchor as the security of the 
boats while afloat, and is not unaptly styled the guest w«rp 
boom, from the boats of visitors being secured to it while they 
are on board. There are numerous other minor fittings which 
are required to make perfect the hull and the requisites for the 
sails used for moving such a vast body as a ship of war ; and tJ?^ 
minutiflB of them would, if given, be only intelligible to those 
whose paths are on the deep. A rudimentary work, as bei^^ 
the boat to the ship of science, is not intended or expected to 
carry the whole cargo of the ship at one trip, but this small 
work, although thus restricted, may nevertheless be productive 
of essential good, by giving to the youthful mind a bias towards 
the attainment of useful and practical knowledge upon tlie 
subject of naval architecture, involving as it does the wel&^ 
and stability of England as a Nation. 
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PART XIV. 

ileasurement of a Ship or Yeasel by the old Bule for Tonnage. — Rule giren 
in detail. — Bemarks on the Cauaei of the Role aa being a faulty Approxima- 
tion to the trae Capacity of a Ship. — Rule practically applied to the 
Meaaurement of a Han-of-War. — Diagram ihowing the Kethod of ap- 
plying the Rule. 

Measurement of the Tonnage of a Ship, or a supposed approxi- 
tnation to lier Capacity for carrying Cargo, by the old 
System of asceHaining what is termed the Builders* Tonnage 
of her. 

The general terms of this rule are these : that Burtlien in 
tons = Length of Keel for Tonnage X Breadth for Tonnage X 
^ Breadth for Tonnage, divided by ninety-four. 

These terms are determined on the draught of the ship, or 
taken off from the vessel when built, according to the following 
APPABEKTLY arbitrary considerations : — 

LENGTH OF THE KEEL FOR TONNAGE. 

The capacity of a body is comprised under three dimen* 
sions; length, breadth, and depth. It would thence seem, 
that in forming a rule that was to ascertain the capacity of a 
ship for cargo, a length was taken that might fairly b« con- 
sidered to comprehend that portion of her which could be occu- 
pied by her lading, which length was called '* Length between 
the perpendiculars for tonnage." This dimension by the rule is 
ordered to be taken as follows : The fore extreme to be at the 
fore side of the stem (a, sketch for Tonnage), at the height 
of the upper deck in two-decked shij^s of war, frigates, single- 
decked vessels, and merchant ships, and the middle deck of 
three-decked ships ; and the after extreme to be at the back 
of the main post (6), at the height of the wing transom in 
square-Btemed ships ; and in ships with elliptical stems, where 
the same height of the upper deck of two-deck ships, (&c., or 
the middle deck of three-decked ships, cuts the line of the 

B 
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counter; these points to be squared down to the line of the lower 
edge of the rabbet of the keel produced, and the distance be- 
tween these intersections to be the ** length between the perpen- 
dieulars for tonnage *' (c d). This length, if taken as a measure 
of the length for capacity, would manifest! j be doing so mthout 
regard to any contraction of the length in the lower part of 
the hold of the ship, which might arise from the rake given to 
the extremes, or that of the stem and stem post ; bat the 
rule, with a view to meet this consideration, diminishes the 
'* length between the perpendiculars for tonnage" — ^first, for 
the rake of the stem, and, secondly, for the rake of stem post 
The deduction to be made for the rake of stem is to be obtained 
by taking Jths of the ** breadth for tonnage ;" while Uiat for 
the rake of the stem post is to be the result which arises from 
allowing 2^ inohei for every foot that the upper side of the 
wing transom at the middle line, in $quaf€-$temed riiips» is 
above the lower edge of the rabbet of the keel (e d), or the 
same ratio per foot in ships with elliptical stems, for the height 
of the intersection of the counter line with the back of the 
main post above the same base ; and the sum of these two 
estimated deductions is to be taken from the '* length between 
the perpendiculars for tonnage/' to give the " length of the 
keel for tonnage." 

5RBADTH FOB TOKHAOE. 

A dimension to be obtained by subtracting from the ex- 
treme breadth of the ship, at the height of the wales, the 
excess in thickness of the wales over the thickness of the 
plank of the bottom ; thus a ship is in breadth from outside 
to out«ide of the wales %0 feet— the wales being 10 inches 
thick, and the bottom plank 5 inches ; the excess of the wales 
in thickness over that of the bottom plank would in this 
example be 5 inches on each side ; which gives 10 inches to 
be deducted from the extreme breadth of 60 feet for the 
"breadth for tonnage^" so that the "breadth for tonnage" 
^ould be 50 feet d inches. 
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The '*keel for tonnage** and "breadth for tonnage** of a 
ship having been thus estimated, the builder's tonnage of her 
as shown by the equation will be known, bj multiplying the 
"keel for tonnage** by the "breadth for tonnage,** and that 
product by **half breadth for tonnage*' — ^the last product 
being divided by the number 04 : the quotient thence arising 
will be the number of tons the ship was formerly registered as 
being able to carry. This rule, used as the test of the quantity 
of cargo that a vessel can carry, is absurd, one dinoiension 
which b so essential towards ascertaining the real capacity of 
her being left out in the calculation, viz., the depth ; so that 
two ships having the same length and breadth, but the one 
being double the depth of the other, would nevertheless bear 
nearly the same nominal tonnage: in fact, the deeper ship 
would be the lesser one in tonnage, from the greater height 
of the wing transom (a () in her above the lower edge of the 
rabbet of the keel, causing a larger deduction to be made for 
ascertaining her " keel for tonnage," giving thereby a less 
length for it and consequently for calculation ; .while it will be 
easily understood, that the double depth, all other things re- 
maining the same, could not fail to give to the smaller regis- 
tered tonnage vessel by rule, the power of canying double cargo. 
It was this anomaly that tied the hands of the British merchant 
shipbuilder from making an effort towards any improvement 
in the forms of the mercantile navy of this country, and 
made the ships for commerce square and deep boxes with the 
ends rounded off for steerage : attempts have been made to 
dispel this bugbear to good properties in the ships forming 
the mercantile navy of this country; and, having given a 
practical example of this ancient method— for it is still per- 
petuated in the navy, where it is used as forming a standard 
of comparison only — another rule will be given, authorized by 
act of Parliament, by which it has been endeavoured, through 
the means of a series of internal measurements, to form an 
approximation to the cubical contents of the internal space 
or hold of a ship which it is intended should be occupied by 
the cargo or lading. 
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Example of the Old Measurement of Tonnage on a Vessel of th4 
following Dimensions, 

Ft* Id* 
** Lengtli between the perpendiculars for tonnage," or a 5 of fig. • 180 10 

^Breadth, extreme, from outside to outside of wales 49 5f 

ITVales in thickness 8 

Sottom plank in thickness 4) 

Excess of the thickness of the wales over that of the bottom, 8| 

inches, or both sides 7 

From which the ''breadth for tonnage*' for using the rule will become ai 
follows ; — 

Ft. in. 
Breadth from outside to outside, as aboye .... 49 6 1 
Bxcess of wales over plank of bottom 7 

"Breadth for tonnage" 48 10|' 

Whence, for rake of stem, fths of the "breadth for tonnage" equals fthi of— 

Ft. in. 
48 lOf 
X 8 



5)146 8i 



29 4 

Which is the deduction that is to be made, according to the rule, from the 
''length between the perpendicnkr for tonnage" for the rake of the stem of 
the vessel. 

The deduction to be made in feet and inches for the rake of the stem post 
will in this example be found, by the height of the wing transom above the 
lower edge of the rabbet of the keel, as (dh), being taken by measurement; 
and, supposing it to be 22 feet 9 inches, the ratio of 2} inches for every £M>t 
of that height will give the sum to be subtracted — thus 

Ft. in. 
22 "9 
X 2^ inches 



inches 45 ''6 
11 "4 



divided by 12)66"10 = 

The deduction to be made from the "length between the 1 _. "7TT7 
perpendiculars for tonnage " for the rake of the stem post j ^ 
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Whcneti addiiig tbeM two ti^gtCher^ t».— 

Ft. in* 

Pcdiictiimtobeiiiade&rtlMiikeofitom, ... 29 4 

Pitlo ditto aitto post ... . 4 8i 

S4 Of 

Will giTO tho totid ndnetion ia feet and iochet that iniiftt be made in the 
^length between the perpendiculars for tonnage" to obtain tbe "keel £» 
tonnage" of the rule; or the "keel for tonnage** in thta pftrticolav ex- 
ample will be found by taking from— 

Ft hi. 

186 10 Or ''length between the perpendiculan for tonnage." 
84 Of = Peductions for lakes of stem and post as above. 

LeaTiag 152 9i for ''keel for tonnage." 

Whence burthen in tons « 

" Keel for tonnage** X " breadth for tonnage ** X j ''breadth for tonnage " 

162ft. 9iin. X 48ft. lOfiD. X^^-l^ 

2 
By ittbstitution — ^ 

, 152-76 X 48-8 X 24-48 ,^3^^^^ 

In schooners, cutters, and open boats, the *' length between 
the perpendiculars for tonnage '* is taken, from where the line 
of the lower edge of the rabbet of the keel is intersected 
forward by the squaring down of the fore-side of stem at the 
bed of the bowsprit, and measuring the length from this 
point to where the lower edge of the rabbet of the keel, if 
produced, would out the aft side . of the main post ; the 
deduction from this length for the length of tonnage being 
only that arising from taking |ths of the •* breadth for ton- 
nage" for rake of stem ; the rake of post being considered as 
accounted for by the above measurement ; the rest of the rule 
the same as for other ships. 

That the perpendiculars placed on the draught or drawing 
for a man-of-war may not be mistaken for the <* length between 
the perpendiculars for tonnage,** it is ordered that the former 
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eball be taken from the aft part of the rabbet of the stem to 
the fore part of the rabbet of the post at the height of the 
upper deck. 



PART XV. 

Measurement of a Ship or Venel b j the Bale for Toimage^ enaeted by Aetl 
of Parliament of the 5th and 6th jean of the reign of William I Y. — Enla 
giTcn in detail. — Bole applied practically to the Measurement of a YesseL 
Biagram showing the Method of Application. — Necessary Deductions to 
be made when the Vessel measured by the Bute is to be propelled by 
Steam.— Short Description of a more satisfiictory Method of obtaining the 
real Tonnage or Burthen of a Ship, whether intended fo? War or Oom- 
merce. 

The tonnage by Aot of Parliament, which, in praotioO) is de- 
signated New Tonnage, was formed to be an approximation to 
the internal capacity of the ship under the deck or the 
measurement of the hold in cubic feet of space, and thence 
to enable a determination of her tonnage to be made, 



DEPTHS FOB TONNAOE. 

Under this rule, it is enacted that the length of the upper 
deck, or of the upper part of the hold intended to be used for 
the stowage of goods, be measured at that height from the 
after part of the stem to the fore part of the stem post ; and 
that such length be divided into six equal parts ; and that at 
the foremost, middle, and aftermost points of division thus 
fixed, the depths from such points of division to the ceiling 
or interDal planking at the inner edge of the limber strake, or 
the edge nearest to the middle line, be measured in feet and 
decimal parts of a foot : the dimensions thus taken are denoted 
" depths," and are shown on the fig. as ee, hf^ dg. Should 
there be a break in the deck, or should the deok not be con* 
tinned fore and aft the vessel, these depths are to be 
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measured from a line stretched along as a contmoatiou of the 
deck, 

BREADTHS FOR TONNAGE. 

Divide the depths at each of the three stations, e e^ hf, d g, 
thas selected, into five equal parts, and at these divisions of 
the depths measure the breadths of the internal form or inside 
of the ship on lines squared across the ship at the points or 
positions of the several depths that follow — 

e € i Fowmost Btation or dinsion, wl^^ fat Uft^„ ^^^ ^^ 

■^ • \ divided into fifths in the depth I and j J *^*^ '**^' 

vf'Kdt^fifS.ttn.;:^"' {-,|}«r«.ih..«-rdeA; 

which measurements are defined on the sketch where the 
divisions are marked off and given in figured dimensions. 

LENGTH FOR TONNAGE. 

For the dimension to be used as length, it is enacted, 
that such length be taken at the height of the middle of the 
midship depth, on a line parallel with the upper deck, and in 
length from the after part of the stem to the fore part of the 
stem post {hi). These dimensions of depth, breadth, and 
length being thus taken, they are to be prepared for use by 
the following enacted regulations : — 

DEPTHS. 

To twice the depth at the midship division, hf, add the 
depths at the foremost, ce, and aftermost, dg, divisions-^ 
which call the sum of the depths. 

BREADTHS. 

Of those taken from the foremost section, c e, add together 
the breadths taken at the ^ and J divisions of the depth of 
that division. 
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Of those taken from the middle section, hf, add together 
three times the breadth at |, and once the breadth at the | divi- 
sion of the depth of that division. 

Of those taken from the aftermost section, dg, add together 
once the breadth at ^ and twice the breadth at the | division 
of the depth of that division. 

The sum of these multiples of the breadths will give the 
sum of the breadths for tonnage. 

The elements having been thus determined, the enacted 
rule may now be stated with a chance of its being under- 
stood, viz., that : 

ToniuiM — wm of deptha X wm of breadthi x length for tonnage. 

From a careful inspection of this rule, it will be found that 
the arbitrary character of the old rule is not wholly lost in 
the new, and that something yet remains to be done, to 
make the measurement of a ship for the burthen carried by 
her as just and certain as the meat weighed from the scales 
of the butcher : an example of this system is given, and then 
a method will be suggested which would seem to be not liable 
to serious errors, and easy of application. 

R^erenctB to the Diagram, p. 75. 

a b, Length at the upper side of beams, being taken from the aft side (a) of 
the stem to the fore side (b) of the stem post. 

a e. One of the diyisions of that length, or } of a 6 from (a) on the aft side 
of stem. ' 

h d, One of the divisions of the length, as a tf, or { of a ft from (5) the foro 
side of the stem post 

c e, The depth at the foremost division (c), measured from (c) to the point (e)^ 

considered well with the upper part of the limber strake at the edge 

next to the keelson and equal to 27*75 feet This depth (e e) is divided 

into fiye equal divisions, and the breadths taken at the depth of | 

, . , J ^, - ri = 87-18 feet 

and i, as marked on the fig. ilr^ 19*12 

h/, The midship depth measured » (as for ee) 27*4 feet, which is also divided 

into fiye equal parts, and the J)readths taken at the J and | depths, as 

1. J *!. it /I - 87-9 feet 
iparked on the fig. -|^| . 28*0 „ 

s9 
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400 Th«d«plliat thealUnMttdlTlflSMi^vae-OlMtyMMuredMfiirft 
m4 h/, 4ind«d into fiTt equl puts, and the breadOu taken «t tk 

I and I d«pthi, af naiked is tht %. { | ~ HH] 

kt, ThaleBfltk taken t]imigk«honaddledivlMon«lihaniddUd«p«k,%ciiv 
tbe lei^ al that heiglit frem aft tide of the atem to the Un aide tf 
the pott, being on the fig. 214 ft. in. 

These dimensions will yield the following results hj the 
rule:— 

BUM OF TBB DEPTHS. 

##, Fofedepth ar27-75 X 1 = 27-75 

A/, Midship ditto = 27-4 X 2 = 54-80 

4f|Afterdepth »26*0 X 1 s 26-00 

Bumofthedepthi . . • • 108*55 



BUM OF THE BBEADTHS. 

^^' by rule. '*"• 

Vewd!Tision,(;0,at } depth. Breadth = 8716 X 1 = 8M0 

„ „ „ * ,1 ,. « 1»*1« X 1 « lfl« 

Middle diTidon, A/, at {depth. Breadth = 87*9 X 8 = 118*70 

„ „ „ i „ „ = 280 X 1 = 2800 

After ditiiian^d^, at H^pth* Breadth =s 87*27 X I mz 87-27 

„ „ „ I „ ,, « H-W X 2 « 29-80 

Sum of the breadths by rule • . • 26505 

A Ip Length fi>r the tonnage taken at the height of the middle diviaion of the 
niidahip depth sx 214 ft. in. 

Whence, in this example,— 

iPi^ ^^ ^ lunaf Ihftdntha X tnm of the breadtha X length for tonnage 
Tonnages Z3= __ . 

= 108-55 X265>05X 114-0 ^ jy^, ^ ^^ 
850 '^ 

In applying this rule to stdtim yessels — the same method 
IS to be pursued, and a deduction to be made from the result 
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for the enbieal contents of the engine room, ^hich contents 
are to be estimated as follows : — Measare the inside length 
of the engine room in feet, and decimal parts of a foot, from 
the fore to the after bulk head of such engine room — then 
multiply the said length bj the depth of the ship at the mid- 
ship division, hf^ as aforesaid, and that product by the inside 
breadth at the same dirision, hf, taken at | of the depth from 
the deek, or as before taken, 87*9 feet; this product divided by 
92 '4 vdll give a quotient that is to be considered the tonnage 
due to the cubical contents of the engine room, and further, the 
amoont to be deducted from the calculated tonnage by the rule ; 
and by the same Act of Parliament it is further enacted, that 
the tonnage of all ships or vessels, whether belonging to the 
United Kingdom or otherwise, if there shall be occasion to 
measure them while their cargoes are on board, shall be com- 
puted by the following rule and dimensions : — 

1st. The length on the upper deck between the after part 
of the stem and the fore part of the stem post. 

andly. The inside breadth on the under side of the upper 
deck at the middle point of the foregoing length. 

8rdly. The depth from the under side of the upper deck, 
down the pump well to the limber strakes or internal 
plank. 

With these three dimensions ascertained, the Act directs 
thftt the product of the three, viz., length multiplied by 
breadth, and their product by the depth, shall give a result 
which, being divided by 180, the quotient shall be considered 
as an approximation to the true register tonnage of the ship, 
or her capacity for carrying stores and cargo. 

The most effectual method to ascertain the tonnage of ships 
employed in the merchant servioe would be, that the draught 
of water of the vessel when she is fully equipped and stored 
for sea, but without cargo in her, should be taken and regis- 
tered by the officers of the customs, such draught of water 
being also cut in on one of the main beams of the vessel in a 
manner similar to that now required for the tonnage ; and in 
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all TMsels built in England, a scale of displacement formed 
aa described in the Elementary Rudiments of Construction 
should be cut in on the same beam of the sbip-^when the 
difference between the displacements, given per scale, by the 
mean draught of vater of the ship when light and that when 
loaded (be it what it may), will be the actual amount of 
tonnage or burthen the yessel has carried. 

In foreign vessels, over which the government of this 
countiy has no control, and can thence not enforce a similar 
proceeding for them while building, let the draught of water 
be carefully taken in the English port in which they intend to 
discharge tiieir cargoes, previously to their breaking bulk, and 
let it also be taken after the ship has been fully discharged of 
her burthen : the difference between the mean draughts of water 
of these two immersions, or those arising from adding (in each 
case) the draught of water forward to that aft, and taking tfae 
half thereof, will give the rising of the vessel bodily in the 
water in feet and inches ; and it is not difficult at half way 
of that emersion to calculate from the ship the area of the 
level section of her, and equally easy to find the capacity due 
to an inch of immersion at that line. As this latter would 
form the average capacity of the vessel to an inch immersion, 
the whole lading or weight would be tolerably accurately given 
by reducing into inches the difference shown in feet and 
inches between the mean draught of water when loaded and 
that when the cargo is discharged, and multiplying the result 
by the capacity per inch before determined. The task is 
within the attainments of a man of ordinary abilities, and 
could be accomplished in a much shorter period of time than 
a first judgment of such a proceeding would surmise ; and as 
these ships are usually employed between the same ports, 
once done, the operation would not require to be repeated. 
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PART XVI. 

Xf echanical Power used for LauncUng. — Declivities of Slip and of the Blockf 
the Vessel isbnilt on. — Sliding ways. — Bilgeways. — Inclination of Sliding 
ways. — Upper side of Sliding wa3rs, whether straight or cambered.— Rib- 
bands. — Method nsed by tbe French in Laoncbing. — Method described 
of patting the BUgeways on the Sliding ways. — Stoppmg-up Pieces. — 
Poppets. — Cleats on tbe Bottom. — Dagger Planks. — Paying with Tallow 
Bilgeways and Sliding ways. — Setting np the Ship. — BemoTing the 
Building Blocks. — Christening. — Dog-shore. — Launch of the Ship. 

THE LAUNCH OF THE SHIP.* 

The ship baying been completed on tbe bailding slip, tbe 
next step is to place ber in tbe water, wbicb apparently Her- 
culean task is accomplisbed in Her Majestj^s naval arsenals 
by a metbod of wbicb tbe following is an outline. 

Tbe mecbanical power designated tbe ** inclined plane " 
has been made available to tbe moving into tbe water sucb 
a vast fabric as tbe first-rate man-of-war wbose armament is to 
be 120 guns and tbe bull of wbicb weigbs at tbe least 2600 
tons. The slipway (a) on wbicb the vessel is built is to this 
end an inclined plane, and tbe upper surface of tbe blocks 
on wbicb the ship rests while building and wbicb received 
tbe keel, tbe first assemblage of timber used in ber practical 
construction, is made to partake of the same property ; by 
which means tbe ship, while under practical construction, 
lays inclined to tbe horizon at an inclination of f tbs of an 
inch to a foot in ber length, or at nearly that of 1 foot in 19 
feet below the horizontal plane marked b, in tbe Plate of 
tbe Launch. 

Tbe weight of tbe sbip has to be transferred from these 
blocks to a cradle or support for moving her down two najnx)W 
incHned planes, one on either side of the keel of the sbip. 
These narrow planes are denominated tbe sliding ways, and they 

* The letters in italics, of the text, bear reference to the Plate of tbe 
Launch. 
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are so placed on the slip that the outside of the bilgeways, or 
the foandation of the cradle which supports the ship while 
launchiog, shall be Jth of the main or greatest breadth of the 
Yossel from the side of the keel, which will giro the bilge- 
wajs a spread, from the outside of the one to the outside of the 
other, of ^rd of the main breadth of the ship, and the breadth 
of the keel in addition. The bilgeways is a technical term 
given to a long assemblage of timber, combined to form the 
basis of the cradle in which the ship rests when launch- 
ing. The sliding ways maj justly be termed the rails or 
trams to receive the bilgeways and cradle, which latter may 
be said to form the carriage or truck to carry the ship into the 
water. The sliding ways are composed of blocks of wood laid 
to a determined height to receive planks of 3 inches in thick- 
ness and 10 inches in width, forming on the upper surface 
inclined planes of about 3 feet 4 inches in width, d of Plate. 
These planks are usually laid on the blocks with close joints ; 
but experience and reflection point out that their being kept 
an inch apart is more efficient,, practice having taught the 
lesson that powerful adhesion takes place by reason of the ex- 
clusion of the atmospheric air from the surfaces iu contact ; 
viz., those formed by the upper sides of the sliding ways and 
the under sides of bilgeways, and these being too perfectly 
in contact, an adhesion has to be overcome, which requires 
great force to be used in starting the ship, whereby delay is 
sometimes caused in launching. 

The bilgeways should be in length at least |ths that of 
the ship, or, for a first-rate of 120 guns and 205 feet in length, 
the bilgeways should be 170 feet, their breadth and depth be- 
ing about 2 feet 6 inches square. The breadth of the bilge- 
ways will determine that of the sliding ways, and also the 
position of them, regard being had to the limit before given, 
for the extreme spread of the bilgeways ; the sliding ways 
are then to be allowed sufficiently wide beyond the outside 
of the bilgeways, to receive a square piece of fir of about 
5 inches, termed a ribband, which is secured to the sliding ways 
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i;o prevent the bilgewajs from being forced outwards by the 

-weight of the ship while launching. The foremost pieee of 

ribband on each side is of oak, as it becomes the abutment of 

the after end of a piece of timber which is called the dog 

ehore, q of Plate, the fore end of which butts or stops against 

large cleats, r of Plate, on the bilgeways, forming a pre* 

irentative a^unst the bilgeways (#), slipping down the sliding 

vrays {d), and constituting the means by which the ship is 

retained on them (d) until the time has arrived for launch* 

ing her. The foremost pieces of ribbands, the better to 

enable them to resist the strain brought on them, are 

bolted and dowelled to the sliding ways ; and to prevent the 

bilgeways from being forced inwards, shores (<) are placed on 

cleats from the sides of the keel to the insides of them* The 

inclination to be given to the sliding ways is governed by the 

size of the ship, and the rise and fall of the tide ; to whioh 

considerationB may be added the inclination of the slip on 

which the ship is built. In the Queen*s service the slips are 

nearly all built at the same inclination to the horizon. 

The smaller vessels require the most inclination to be 
given to the sliding ways, and on some occasions they have 
had as much given to them as 1^ inches to a foot, to afford 
an impetus to their comparatively light weight of hull ; the 
larger ships, from first-rates to frigates, have usually from |tha 
to ^ths of an inch in a foot declivity, and it has been found 
in practice that the inclination of fths of an inch has given 
to the vessel the velocity necessary for safety and efficiency. 

It was formerly the practice in Her Majesty's service for 
the upper side of the sliding ways to be formed in their 
length to an arc of a large circle, which was technioally 
termed cambering the ways. This method has been considered 
in modem times objectionable, as tending, it is said, to break 
the vessel, or to alter her form lengthways ; this objection will 
not hold good if the ways are the arc of a larjge circle for 
their whole length ; but if it is only such from the after end 
of the bilgeways before the vessel moves, the oamberifig 
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would be detrimental to the ressel, as the bilgewajs would 
then alter their form from the straight line to the arc, 
which would thence allow of that change of longitudinal 
form in the ship which is denoted breaking. 

The advantage that is said to arise from cambering the 
sliding ways is founded on the following consideration : — ^that 
should the groundwajs not be firm, the weight of the ship,- 
when the upper surCstce of the ways is laid straight, would 
force it into a concave one, which would be detrimental to 
her starting ; in the case of the ways being cambered, the 
form of them being thence that of an arch, the upper surface 
of them would be better preserved. 

The French launch their shipis-of-war on their keels, having 
side bilgeways merely to steady the ship ; the stability of 
the groundways must be the main source, in both systems, of 
keeping the forms of the ships unaltered in launching. In the 
method used in the English naval arsenals, care must be taken 
to ensure that the fore foot of the ship launches dear of the 
slip, which will always be the result if the declivity given to 
the sliding ways be less than that of the slip ; should the 
contrary be the case, the height of the foremost block on 
which the vessel was built, the length of the slip, and the 
proposed declivity, must be considered, to prevent the fore 
foot of the vessel from striking the groundways of the slip 
at the lower end of it. The slide beyond the slip is laid 
during the recess of the tide, either on piles driven for that 
purpose, or on permanent groundways. 

The bilgeways having been hauled up on the sliding ways 
and placed under the bottom of the ship, in their position, as 
before described, of ^th of the main or principal breadth of 
the vessel from the keel, large pieces of fir, called stopping- 
up pieces, are placed on the bilgeways in the middle part of 
them to meet the bottom of the ship ; but at the fore and 
after parts, where the form of the vessel, from its sharpness, 
would cause these pieces of fir, if continued, to be very 
bulky pieces of timber, timbers are placed like shores from the 
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upper side of the bilgeways to the bottom of the ship. These 
t;imbers are called poppets {k of the Plate), and are usually 
£V3rmed of square fir timber termed baulk ; the heads of them 
are prevented from flying off the bottom of the ship by their 
l>eiiig confined to it by the lower edge of a plank bolted to the 
"bottom of the ship; this plank having likewise cleats (n^nf) 
screwed to the bottom of the vessel, to support the upper edge 
of it. The lower ends or heels of the poppets rest on a plank 
called a sole piece (Z^, which is placed on the upper side of the 
l>ilgeways ; the sole piece having a groove taken out of the centre 
of it to receive tenons raised in the heels of the poppets. The 
poppets are usually their dimensions apart. The whole of the 
after poppets, except the extreme after three, and all of those 
forward, except the extreme forward ones, are placed plumb, 
or square to the horizon. The foremost three poppets are 
placed with the heels of them forward, to make them stand 
as shores against the heads of the other fore poppets, when the 
ship's bows in launching are pressed to the sliding ways by 
reason of the excess of buoyancy of the after body of the vessel. 
These poppets are united to the stopping-up which 
is worked on the midship portion of the launching cradle 
by planks, which are denominated dagger planks. The 
ribbands (g), which' are placed on the sliding ways to confine 
the bilgeways on them, have greater spread or space given be- 
tween them than that given to the bilgeways themselves. This 
excess of space is termed ** play," and is usually f of an inch 
at the fore end of the bilgeways, and 1 inch at the after end of 
them on each side, spread out at the extreme end of the slide 
to 2^ inches. The bilgeways are usually what is termed 
''turned out" the day before it is proposed to launch the 
ship, which means that the poppets are taken down and the 
stopping pieces taken out of their places, and the bilgeways 
turned over outwards, leaving their under sides to face the 
keel of the ship. The upper sides of the sliding ways, to 
the length of the bilgeways, and the under sides of the 
bilgeways themselves, are then payed over with melted 
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tallow, to which, when oool, soft soap is aometimes added in 
patohes; others use oil in preferenoa. The bilgewajs aro 
next " tamed in ;** the cradle, composed of stopping pieces and 
poppets, is restored ; and the whole, on the morning of the 
launch, is set to the bottom of the ship, as, between the upper 
sarface of the bilgewaya and the lower sur&ces of the 
stopping up and the sole pieces placed to receire the heels of 
the poppets, large wedges called slioes (o o) are placed inside 
and outside of the bilgewajs, and men with mauls or laiige 
hammers are stationed to these wedges. By their united and 
simultaneous efforts, the slices raise the ponderous mass in 
the cradle, or at least take the weight of the ship from 
the blocks on which the after part of the vessel rested while 
building ; these blocks under such a process become loose or 
slack, and are removed from under the ship as the tide 
rises. The fore part of the cradle is not set to the bottom of 
the ship so firmly, and the weight of the ship rests 
in part on the foremost building blocks, which are split 
out from under the ship consecutively, so that shortly be* 
fore the hour of launching, or high water, the mighty fabric 
may be seen from aft resting on the sliding ways, suspended, 
as it were, in the air, on two comparatively narrow ribbands, 
and man's ingenuity and skilful perseverance seem triumphant 
At this stage of the exciting scene, the vessel is christened by 
wine being thrown against the bows, or fore part of her, and 
her name given to her, after which the word is given to "down 
dog shore," and the ship, the fruits of years of labour and 
anxiety, freed from the last fetter that binds her to the stable 
earth, passes into the element in which she is destined to 
bear the battle's bront and the merciless peltingsof the howl- 
ing tempest. 

Jt^erences to (he Plate of the Launch, cks descriptive qf the foregoing text 
a GhroundwayB of the slip, whicb^ in Her Majesty's arsenals, is laid at the 

decliTity of 1 J inch in a foot. 
h Ticked line denoting the upper suriSice of the blocks on which the keel of 

the ship rests while she is building. 



vGooqIc 



ON 8BIP BmLDINO. 91 

e Section of the building blockf . The inclination of theie blocks from the 

borizon is 1 foot in 19 feet 
d Section of the sliding ways as composed of blocks and planks. 
« Section of the bilgeways laid on the sliding ways, the outside of the one 
bilgeway being apart from the outside of the other } the main or 
greatest breadth of the ship, together with the breadth of the main keel 
jf Section of the bilgeways lengthways. 

^ Bibbands^ or square pieces of fir, secured to the sliding ways to ptetent 
the bilgeways from spreading or being forced out when the ship is 
launching. 
K h Inclination given to the sliding ways, being usually from | to | of an 

inch to a foot 
% % Stopping-up amidships, composed of large pieces of fir. 
h h Poppets or shores before and abaft the stopping-up pieces. 
1 1 Sole-pieces or planks worked to receive the lower ends or heels of the 

poppets {kic}, 
«»in Bagger planks to connect the poppets (tit) with each other^ and unite 

them with the stopping up (it). 
nn Flanks worked to the bottom of the ship, to confine the upper ends or 

heads of the poppets (hh), 
n'n' Cleats to support the plank {n n). They are screwed to the bottom. 
o o Slices or large wedges placed between the sole-pieces, stopping-up and 
bilgewaysi to set the kunch to the bottom of the ship, and take the 
weight of the vessel off the building blocks (e). 
p Ribband shores to support the ribbands and prevent them from spreading. 
q Dog shore, with its heel resting against the fore end of the foremost length 
of ribband, and its head against the launching cleat (r) on the bilgeways. 
r Launching cleat to receive the fore end of the dog shore (q). The under 
side of this cleat (r) should be kept above the upper side of the rib- 
bands {g)t as in launching the cleat (r) should pass over them. 
9 Shores placed inside the bilgeways, from the ship to the bilgeways^ to 

prevent them from tripping inwards. 
t Trigffer placed under the dog shore, and removed immediately previous to 

the launch of the vessel. , . 

t; Holes in the ends of the bilgeways, to receive ropes which are led on 
board the ship, to secure the bilgeways when the vessel is in the water, 
as the bilgeways then usually float up from under her. 
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PART XVII. 
Docki— Imw titoAlcd. — Rntnuice-— how doted. — Cbtei or Oumoob. — Yeaerf 
Potition on the Blocki. — Gajs or Bopei—their Uie. — Sliores, Breoat— 
tboir Um. — ^VoMol Upright or Plamb. — ^Method of detenniatDg it— 
Diogonol Shono— tboir Potition.^Bilge Shorei.--Bloeks — their Fom.— 
Motbod of remoTtng the Angnhtf Bloekf for Faloe KeeL — Copper 
Shoathiof — wbon remOTod.— Plaeei vsaiUj defeetiTe pointed oat— 
Defects shonld bo rigidly Morehod for proTioiuIy to the CommeneeBiat 
of Bepain. — AdTBntaget arifiiig from incb a Coarse of prooedoie.— 
Inside and Ontnde Phmking — when and where to bo remoTed. — ^Bcami 
and Iron Knees to be well examined. — Bndder to bo unhnng. — ^Pintle xui 
Bmees to bo oTerhattlod.~A Plato of a Dock with Be£weiioe to tbeie 
Bemariu subjoined. — Beferenees to Pkte 8. 

DOCKS OF THE ABSENAL, USUALLY TERMED WET DOCKS. 

The repaira of the ships of Her Mi^estj*s navy and those 
employed for commercial purposes are mostly performed in 
what is termed a wet dock, heing an excavation lined with 
wood or stone, made contiguous to the water, and having au 
entrance opening into the river or harbour : the flat or lower 
part of the excavation or of the dock, in Her Majesty s dock- 
yards, is usually laid either level, or the after part to be deeper 
than the fore part, from 12 to 14 inches, and it is below low- 
water mark, to give a greater depth of water in them, when 
the vessel has been floated at high water into the dock, in the 
which blocks have been laid to receive her, similar in other 
respects, but not inclined, to those on which a ship is built on 
a slip ; the entrance to the dock is closed by gates, or by what 
is termed a caissoon*, and the water at the falling of the tide is 
let out of the dock through large drains called culverts^ 

The vessel is placed with her keel immediately over the cen- 
tre of the blocks, in most instances laid in the middle of thedock, 
and kept in that position by ropes, technically termed gays, 
two of such being made fast to each bow, or on either side of 
the head, and two to each quarter, or on either side of the 
stem ; they are distinguished as being starboard and port, bow 

* The caissoon is a floating gate. 

Digitized by CjOOQIC 



OK SHIP fitJILt>tK<}. Od 

ijid quarter gajs. For the more effectual using of these guyft, 
>ld guns or wooden stumps called bollards (a, Plate of Dock) 
ire placed at intervals round both sides of the dock, and at a 
^liort distance from it. These form posts round which the 
guys can be wrapped to check the ship when she is being 
hauled into or out of the dock, and when the dock is unoc- 
cupied ropes or chains placed from the one to the other all 
round it, form a preventiye to accidents. 

Before the ship, by the fedling of the water, takes the 
blocks, shores or long pieces of timber are prepared, 
of such lengths as to reach from the sides of the dock 
to those of the ship ; and these shores are hung up to the 
vessel by ropes to the required positions. In the man-of-war 
their stations are governed by the port timbers, at the height 
of the deck or beam-ends, as forming the best security or 
abutment to them. This tier of shores is called the breast 
shores (a, Plate). But it should be ascertained before 
grounding, by the means of a plumb line (/), whether 
the ship is upright: should she not be so, the vessel is 
trimmed by weights on board of her ; but if there be none 
available, the breast-shores, when the ship is firmly grounded 
on the blocks, are set the more vigorously on the side which 
is inclined to, until the vessel is brought to the vertical po- 
sition; the heads of these shores, or the ends of them, 
against the sides of the ship should be the highest, that 
they may not tend to depress her when floated again after 
the repairs are completed. Before the breast-shores are 
set to the ship she is allowed to settle well on the blocks, or 
the water to drop from her at least 18 inches, that her weight 
may in part be on them ; when, wedges being placed behind 
the heels of the shores or at the ends of them, which are 
against the sides of the dock, a man to each shore drives 
simultaneously on the wedges on both sides of the dock, and 
she is then secure. As the water further falls, shores, denoted 
diagonals (b, Plate), are placed lower down and between the 
breast-shores, and in large ships a second tier of these shores 
is considered necessary, placed below the 1st diagonals (c, 
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Plate); under the breaet-Bhores, when the water is quite out 
of the dock, which ie effected by pumps where the flat of 
the dock is below the fall of the tide, shores called bilge- 
shores (o» Plate) are placed, and in a large ship having two sets 
of diagonal shores they will come under the Isl diagonals 
(b, of Plate). 

It should have been said, that before the water is let into 
the dock, the blocks are examined and well laahed down, 
and the fore and after ones required to receive her length 
of keel are marked in position on the upper side of the 
dock. The bob and mouse lines should also be proved 
(/, Plate). These lines are to point out the centre of 
the blocks; they are formed like a bricklayer's plumb, the 
plummet (b) being held over that centre by lines going across 
the dock, and the sides of the dock give parallel lines to 
take them fore and aft upon. The line thus fitted, termed tiie 
bob, precedes the ship, and that denoted the mouse foUoire 
her ; the two thus used in conjunction will ensure the vessel 
being placed immediately over the centre of the blocks. 

Angular Docking Blocks, 

a Iron wedges. 

b Wooden otp, plated/ 

with iron on the un- * 

der iide. ^ T~ ^ ~s =^ / \ jjj^jg, 

«Bioek, pUtod with 

iron on the upper 

Bide. 

The blocks fitted in this manner are denoted Sir B. Sep- 
ping's angular docking blocks, haying been introduced into 
Her Majesty's service by that officer. 

Battering Bam, 

\ \ \ 
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*Xl&e battering-ram is used to remove the angular blocks when 
he sliip is setting on them, should such be required during 
l[ie repairs, or for removing the false keel, or caulking the gar- 
>oarcl or lower seam of planking (see sketch of Blocks), the 
ropes a enabling men to give a powerful blow on the sides of 
tlie iTvedges a to free them : the ends b of the rams are armed 
with iron caps. 

In ihe royal dockjards theseangular blocks that the ship rests 
on while in the wet dock are formed of angular blocks of iron 
and wooden blocks iron-plated on their surfaces (see sketch, 
p Plate, p. 94). The advantage that arises from the use of 
these blocks consists in their being easily removed locally from 
under the ship, their wedge-like form allowing them to be 
taken from under the vessel in a very short time ; and by these 
means the fiGdse keel of a ship may be shifted without the 
weight of .the ship having been taken by shores. These 
blocks, when restored under the keel, are rammed up by 
the heavy logs of wood armed with iron at their ends, 
called battering rams (see sketch, h Plate, p. 04), and are 
thence made again to bear their portion of the weight of 
the ship. The ship having been placed in the dock and 
secured by the shores, as before described, if the repairs 
required are known to be extensive, the copper sheathing is 
taken off the bottom of her, and planks are split out all 
fore and aft, in those parts of the ship that past experience 
has pointed out to be the most likely for decay to arise: such 
has been found to be the case in the outside planking be<- 
tween wind and water, or more immediately in the vicinity 
of .her line of floatation (o) ; and in the turn of the bilge the 
timbers of the frame are very subject to rot, from the wood 
being cut across the grain and the heart of it being thus ex- 
posed to wet. In the outside planking above water, the plank 
immediately in the wake of the channels will often be found 
defective, from the strain brought on it by the shrouds causing 
the plank to open, or the topsides of the ship to work; while 
the timbers and planking in the immediate neighbourhood 
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of the haw8e*hole8, from being more subject to wet, are also 
pbices that require to be well overhauled, c and b (vide Plate 
of Dock), the waterways and beam ends, are the most ex- 
posed to the effects of water by leakage, a fruitful soared 
of decaj; but to prevent disappointment and unnecessair 
outlay in the repairs, the ship should be thorougbly opened. 
All defects should be removed before any new work, or t 
restoration of her form, is allowed to take place, as most 
serious expenses have been incurred, nay, ships of war hare 
been repaired that would have been taken to pieces, had the 
defects of the ship been fully laid open in all parts before the 
first discovered defects had been made good ; and it evidences 
a sound judgment in directing the repairs of a ship when a 
thorough search for defects and the total removal of them 
before any new materials are provided, much less vn>rked 
into the ship, is the course pursued. This method of pro- 
ceeding presents another advantage — that by the timbers of i 
the ship being thrown open to the air for a longer time, a 
check will be given to any incipient seeds of decay, or to the 
production of fungus. When the repairs to be executed run to 
a great extent, more especially in the frame of the ship, it be- 
comes a matter of serious consideration whether it would not 
be more advantageous to break the vessel up, using the ser- 
viceable portions of her (which will generally be found to be the 
beams, and the lower timbers of the frame) in the construction 
of another vessel ; should it, however, be deemed advisable 
still to continue the repairs, the most effective and econo- 
mical proceeding would be, to take off the topsides outside, 
as low down as the wales, and remove the interior planking 
up to the same line : this method enables the shipwright to 
have a full inspection of three sides of each timber ; allows 
the defective timbers to be easily removed, and the new 
ones to be replaced with facility ; and the planking that is 
retained outside and inside, serves as an effectual ribband 
to preserve the form of the ship. The ends of the beams of 
the several decks should be examined, by their being bored 
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yviih an auger or large gimlet from the side of each in a 
slanting direction, into the beam-end, but if the outside 
planking requires to be taken ofif in the wake of the beam- 
ends, an efficient external survey of them can be made with- 
out recourse being had to the internal one : care should be 
taken in large repairs that the form of the ship be pre- 
served by means of harpins, ribbands, and shores, where re- 
quired, similar to those described for ships in building. But 
it should be with great caution that large repairs are 
undertaken, the expense attendant on them being more 
than would arise from building a new ship, from the combi- 
nation of the two operations of pulling to pieces and putting 
together again. The knees to the beams of the several decks 
should be well examined, and any appearance of working — 
which would be evidenced by the bolt heads being drawn 
down — ^should be carefully considered, and an endeavour 
made to remedy the defect, as the working of the ship on 
her fastenings is attended with a twofold evil — the one that 
of rapidly weakening the fabric ; and the other, by the assist- 
ance of wet, of producing with equal speed the working ship- 
wright's friend — rot, and its consequence — the necessity of 
extensive repair. 

The rudder should be unhung after the woodlock is re- 
moved, and the pintles and braces by which it is hung should 
be carefully examined. The head of the rudder should be 
well inspected to ascertain if the wooden portion of it has been 
strained, and that the iron hoops on it are firmly in their 
places. Too much precaution cannot be used to ensure the 
efficiency of the rudder, as the lives of the crew and the 
safety of the ship depend on the perfect order and strength 
of it. 

A sketch of one of the largest wet docks in H. M. dock- 
yards is subjoined, with reference to the remarks that have 
been made on this subject. In addition to the wet docks that 
have been described, fitted with gates or caissoons to exclude 
the water, there are in some of H. M. dockyards small open 

F 
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docks, eaUad graTiog docki, which admit of & reasel being 
placed in them and grounded ; the fall of the tide leaTisg the 
bottom of the ship diy, and allowing any Blight defect to be 
made good before the tide again rises. They were originallj 
constructed for breaming or firing the bottoms of small yessels 
before the introduction of copper sheathing, when their external 
planking became foul with weeds ; these were always incon- 
venient for use, and the work being necessarily performed in 
them under great haste, and thence not efflciendy done, the; 
have fallen into disuse* 



A DESCBIPnoN OF PlATE 3. 

Section showing the Timbers of the Frame, and the Positions of 
the Outside and Inside Planking of a Merchant Ship, tcith a 
Reference to the several Parts, giving the Technical Term for 
each Portion of the delineated Section of the Ship, 
a Half section of the keel. '^ 

hh Palsekeel. 

ee Oarboard strakes of outside planking. 
ef Plank of the bottom. 

fff Diminishing plank. > Outside plankingi 

hff Wales. 

2 Black strakes. 
xy Sheer strakes. 
tp Rough tree rail. 
V Waterway to quarterdeck. 
t Shelf to ditto. 
« Clamps. 

q Upper deck «pirketting. 
jp Upper deck waterway. 

tipper deck shelf. 
n Upper deck clamps. 

m Lower deck spirketting. 

1 Lower deck waterway. 
k Lower deck shelf. 

i Lower deck clamps. 
L L,L,L Thick strakes worked over the heads of the 3rd, 2nd, and Ist 
futtocks and floors. 
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fl^^ «li«i BpiMt bttwttn the tliick strakei. 
e Side keeltonf. 
d Main keelwn. 
k Head of the fillings of wood, pUeed in between the timbers at 

described in the text, under the head of fillings between frame 

timberi. 

Tlie elevation on this plate shows the position of the port* 

and the trussing between them. The practical carpentry of 

tlie sliips for commerce, built by Messrs. Smith, of Newcastle, 

axid the firms of Wigram and Green, of Blackwall, of which 

this section of a merohant vessel may be said to be an ovlU 

line, bears so close an affinity to the work that has been 

described as the practice of the Queen's service, that the 

explanation for the one will answer equally well for the other. 



PART XVIII. 

Principal dimension! of the several rates of Ships in Her UaJMty's Navy.— 
Armaments.— Weight of Anchors. — Weight of Oables.-^- Haste and Yards 
--^Weight of the Ship.— Weight of the Hull of the Ship.— Weight of tbe 
Material received on Board. 

FIRST BATS. 120 gnns. Tonnsge, 2609 (oni. 
Oomplement of Men and Officers, 1000 in number. 

Prikoipal Dimensions. 

Ft. in. 

Length on the gnn deck 205 

Length of the keel for tonnage 170 7 

Breadth, extreme 53 4 

Depth in hold • • 24 

AmCAMSKT. 

No. of guns. Weight of each. Length. 
Cwtt. Ft. in. 



T ^ 1. oo/ 4 of 8 in. ... 65 ... 9 

Lowerdeck. . . 82|2832pdrs. ... 66 ... 9 6 

„.,,, , , ^.f 2 of 8 in. ... 65 ... 9 

Middle deck. . . 84|32 32pd„^ _ 60 ... 9 

Main deck ... 34 32 pdrs. ... 41 ... 80 

Quarter deck and forecastle 20 j ^ J ^^ P^JJ; ^^^j;; ^^ ;;; _ 

Total weight of the guns 273 tons. 

Weight of the broadside in Ibi. ... . . 2028 lbs. 

F 9 
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Weight of ilM prindpal anehon (4 in No.) 



Weight of Mdu Totei weight 
Tods. cwti. qn. Toiu. cwts. qa. 
. 4 19 19 16 



WnOHf Of THB PKDIOIPAL CaBLBS, 



3 hempen, of 25 i&ehet ciienmference 

4 chain, of 2i inehea diameter of link 



Weight of each. Total weight 

Cwts. qn. lbs. Tou. cwts. qrs. 

116 2 20 17 10 

248 48 12 



Weight of the anchors 

Total weight of the principal cablei and anchors 



66 2 
19 16 

85 18 



Masts and Yabds. 



{Main. 
Fore . 
Misen 
Bowsprit 

Yards 1 i? . . 

L Miaen, or crou-jack 



Length. Diameter. 
Feet Inches. 



82 
74 
59 
51 
105 
91 
71 



40 
87 
26 
40 
25 
22 
17 



Weight 
Tons. cwts. qn. 



20 2 

15 18 

5 8 



12 
5 
3 
1 





3 

16 

8 



Total weight of the masts and yards 63 15 

Total weight of the ship, with stores and equipments. Ft. in. Tons, 

to a draught of water of . . . . Afore 24 71 .«»,« 

Aft . 26 O; ^^'^ 

Weight of the hull, to a draught of water of . Afore 15 10 1 ^im 

Aft . 18 6j 



Weight of the material received on board 



2208 



SECOND BATE. 84 guns. Tonnage, 2284 tons. 
Complement of Men and Officers, 750 in number. 

PRIKOIPAL DlXSNSIOKS. 

Ft in. 

Length on the gun deck 196 5| 

Length of the keel for tonnage 162 8| 

Breadth, extreme 61 Sj 

Depth in hold . 22 6 
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liovrer deck . 

Main deck . 

Qaarter deck and forecattle 
Total weight of the gnnf 



No. of gnnf. Weight of eack. Length* 




Cwti. Ft, in. 


o^ ^ 6 of 8 in. 
^"' 24 82pdri. 


65 ... 9 


56 ... 9 6 


.„ 2 of 8 in. 
^^ 80 82pdri, 


65 ... 9 


48 ... 8 


-jo/ 6 82pdrfc 

^^' 16 32 pdrs. carrdi. 


41 ... 8 


IT ... - 




208 tonf. 


Ibi. . . . . 


. . 1488 Ibf. 



Weight of each. Totid weight 

Tona. cwti. qn. Tons. cwti. qn. 

Weight of the principal anchon (4 in No.) . 4 5 17 



WnaHT Of THH tvacTfMii Oabuhl 



3 hempen, of 23| inches ciicnmference 

4 chain, of 2| inches diameter of link 



Weight of each. Total weight. 
Cwu. qn. IlM. Toot. cwtt. qn. 



102 8 12 
216 3 



Weight of the anchors 

Total weight of the principal anchors and cables 



15 
43 



8 
4 



58 12 2 
17 

75 12 2 



Lower 
Masts 

Lower 
Yards 



Main . 
Fore . 
Mizen . 
Bowsprit 
Main . 
Fore . 
Mizen, or cross-jack 



Masts jjtd Yabds. 

Length. 
Feet. in. 
. ' 86 8 



79 8 
63 2 



51 

105 

91 

71 



Diameter. 

Inches. 
.. 40 ... 
.. 87 ... 
.. 26 ... 
.. 40 ... 
.. 25 ... 
.. 22 ... 
.. 17 ... 



Weight 
Tons, cwts.qn. 
20 
15 12 
5 6 
12 
5 8 
3 16 
1 8 



Total weight of the masts and yards 



63 5 



Total weight of the ship, with stores and equipments, 
to a draught of water ..... Afore 

Aft 
Weight of the hull to a draught of water . Afore 

Aft 



Ft. in. 

e 28 01 

. 24 9/ 

e 14 81 

. 18 9/ 



Tons. 
8721 

1959 



Weight of the material receiyed on. board 1762 
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THIKD RATB.* 7S to TS gwu. T<miuig», 1740 tmi. 
CmpliMat «r Km wd (Mken, 660 la niunber. 

FuiQir^ Dimmon. 

Ft. ia. 

Leogtli Ml tlie gmi deck ..«,.. • X75 9 

Lengtli of tk« ked for tonaago 144 6| 

Breadth, astiemo • 47 8 

Pepikiakokl 21 O} 



AUUXXBT. 

No. ofgnni. 



«« / 4 of 8 in, 
'^*'l24 32pdri. 



Lower deck • 

Main deck . . . 28 82 pdn. 

Qoarter deck and loMflaatlo lej^^?^^"* 

Total woiflit of tka gnna • 
Waif hi of tha broadiida in Ibi. . 



Weight of each. Lengtli. 

Cwts. Ft. in. 

... 65 ... 9 

... 66 ... 9 6 

... 41 ... 8 

,.. 41 ... 8 
82 pdn. cairds. 17 



Waight of Iho principal anchors (4 in No.) 



Weight of eaeh. 
TocuLcwta. qn. 
. 8 13 



156 tons. 
, 1224 Ibf. 

Total T»«ight 

Tons. cwts. qzs. 

14 12 



WaioHT Of fSM tvamfAh Oablw. 



8 hempen, of 22 inchei circunfereneo 
4 chain^ df 2 inches diamoter of links 



Weight of each. Total weight 

Cwts. or. Ibi. Tons. cwts. qn. 

90 1 8 13 11 

, 192 38 8 



51 19 
Weigh! of the anchors , 14 12 



Total weight of the principal anchors and cables 



69 11 



{Main . 
Fore 
Hizon . 
Bowsprit 

I Mizen, or cross-jack 
Total weight of the masts and yards 



Length. 
Feet. in. 
80 . 



73 
67 
45 
96 
82 
64 



Diameter« 

Inehes. 
. 37 .. 

35 .. 

24 .. 

86 .. 

23 .. 

SO .. 

151 .. 



Weight 


Torn. ewts.dn. 


14 


6 





10 


4 







16 







8 







5 







16 







2 






44 17 
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T otal w^eiglit of the iliip, with ttorat and eqoipnentf^ Feet in. Tone. 

to » dninght of wfttw «... Afore 21 6 ^ 

Aft . 28 6 



18 01 
Aft. 17 9/ 



8028 
1600 



T^eight of the hull^ to a draught of water • Afore 18 

Aft. 17 

VTeigKt of the material receiyed on board . . . • • 1428 



FOUETH RATE. 50 guns. Tonnage, 2082 torn. Fbi<ulib« 
Complement of Men and Officers, 500 in number. 

Fbinoipaii DiHENSioirs. 

Ft. in. 

liength on the gun deck • . • * . • • , 176 

Length of the keel for tonnage , 144 6} 

Breadth, extreme 52 8^ 

Depth of hold ..,,,,... 17 1 



Abxakekt. 

No. of guns. Weight of each. Length. 
Cwu. Ft. in. 

Main deck . . . 28{25j^2y;; ;;; ^ '" J ^ 

Quarter deck and furecastle 22 32 pdrs. ... 45 ... 8 6 

Total weight of the guns 130 tons, 12 ewti. 

Weight of the broadside in lbs. .... 908 lbs. 

Weight of each. Total weight. 
Ton*, ewti. qrs. Tons. ewts. qrSf 
Weight of the principal anchor! (4 in Ko.) . 3 10 14 



Wbioht ot the pbinoipal Oablbs, 

Weight of each. Total weight. 

Cwts. qrs. lbs. Tons. cwts. qrs. 
Shempen, of 21) inches circumference . 86 16 12 8 1 
4 chain, of 2 inches diameter of links . 192 38 8 

50 16 1 
Weight of the anchors 14 

Total weight of the principal anchors and cables , # . 64 16 1 

Digitized by CjOOQIC 
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BUDIMSMTABT TBEAnBE 



Lower 
MaiU 

Lower 
Yard! 



Fore 
Miien , 
fiowiprit 
rMain . 
Fore 
MizeD^ or crosi-jsck 



Minn An Tabss. 

Lengtb. 
Feet. in. 

88 7 



Diameter. 



77 
67 
45 
96 
82 
64 



87 
85 
24 
36 
28 
20 



Weight. 
Tons. ewts. qn. 
14 6 
10 18 

1 
8 

4 



5 

8 

4 



2 16 
1 2 



Total weight of the maiU and yardt . 46 15 2 

Total weight of the ship, with etorea and e^pments. Feet. in. 
to a draught of water .... Afiire 20 

Aft 
Weight of the hiiU| to a draught of water . Afore 

Aft 

Weight of the material receiTed on board, in tona 



Feet. in. 

20 1 

21 /' 
18 8 \ 
17 6itr 



Tons. 

1^2200 

a808 
892 



FIFTH KATB. 42 gnna. Tonnage, 1084 tons. 
Complement of Men and Officen, 820 in number. 

PbISOIPAL DnCBHSIOHB. 

Ft. in. 

Length on the gun deck 151 94 

Length of the keel for tonnage 127 0| 

Breadth, extreme 40 Of 

Depth in hold 12 9 

Abmaxbnt. 

No. of guns. Weight of each. Length. 
Cwt«. Ft. in. ' 

jiK^i^A^v 9ft/ 2 of 8 in. ... 50 ... 7 

Ham deck . . . 28|2^32p^ 3^ ^ g 

Quarter deck and foreca-Ue HJiJ^fP^^,; ?? ;;: ''J 

Total weight of the guni 72 tons. 

Total weight of the broadside in lbs 708 lbs. 

Weight of each. Total weight 
Cwta. Tods. ewts. qn. 

Weight of the principal anchors (4 in No.) . 47 ... 9 8 

Weight of the PBnroiPAL Cables. 

Weight of each. Total weight 
Cwts. qrs. lbs. Tons. ewts. qn. 
8 hempen, of 18^ inches circumference . 63 2 16 9 11 
3 chain, of If inch diameter of links . 147 22 1 

81 12 
Weight of the anchors .••-..•.• . 980 

Total weight of the principal anchors and cables . . 41 
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ON SHIP BUILDIKO. 



10ft 



Hi0n AKD Tabm. 



fMain . 
Lio-wer J Fore 
Masts I Mizen 

L Bowsprit 

J^^^^ \ For. . 
^a^<»» [Mizen, or croii-jack 



Total weight of the masts and yards 



Length. 


Diameter. Weight 


Feet. in. 


Inches. Toiit.ewU.qn. 


67 6 


... 80 ... 8 


62 4 


... 28 ... 6 6 


53 8 


... 224 ... 2 11 


38 


... 28 ... 5 


78 6 


... 19 ... 2 11 


67 6 


... 16 ... 1 18 


56 


... 13 ... 15 



27 1 



Total weight ofthe ship, with stores and equipments, pfeeC. in. Toni. 
to ft draught of water .... Afore 1801 ^ 

Aft 19 4/"^ 
Weight of the hull, to a draught of water . Afore 10 61 

Aft U 6/" 

YTeight of the material received on hoard, in tons ... 



SIXTH BATB. 26 guns. Tonnage, 913 tons. 
Complement of Men and Officers, 240 in numher. 

PanrciPAL Bimxhsiohs. 

Ft. in. 

Length on the gun deck 130 

Length of the keel for tonnage 105 9 

Breadth, extreme ........ 40 7| 

Depth in hold 11 6 



Armahbitt. 
No. of guns. 



Main deck 



18^ 



2 of 8 ins. 
16 82 pdrs. 
' 2 32 pdrs. 
^ 6 32 pdrs. 
Total weight of the guns . . ^ . . . . 48 tons, 10 cwts. 
Total weight of the hroadside in lbs.. . . . 452 lbs. 



Quarter deck and forecastle 8 i 



Weight of each. 

Cwts. 

... 50 .. 

.., 40 .. 

... 40 .. 

25 



Length. 
Ft in. 



Weight of the principal anchors (4 in No.) 



Weight of tfach. Total weight 
Cwts. Tons. cwts. qn 

88 ... 7 12 Q 

F 3 
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BUXmODRAn THKA T"^- 



Wii«BT «f TVB nnoim Cabubb. 



1 k«aipeo, of 17 Inchat diconfertiice . 
3 duuoi of 1| inch 4iuMter of Uiks. 



Weight of each. 

Cwts.qrt. 

. 64 ... 

. 126 3 ... 



W«gkl of the ftnctot 

Tttal weight ef Uie prinapU aachen and cablei 



fHaia . . 
Lower I Fore 
MMti ] Miten 

t Bowsprit 

^" I. Miseo, or erosa-jack 



Total weight of the maats and yards 



HABn An> Tabm. 

Length. 
FmU in. 

66 



60 
58 
34 
71 
61 
50 



Diameter. 

Inches. 
.. 28 .. 
.. 26 .. 
,. 20 .. 
.. 26 .. 
.. 17 .. 
.. I4t ,. 
.. 12 .. 



Total wdght 

Tons.cwts.q& 

5 8 

19 


24 8 
r 12 


32 

Weight 
ToBa.c«t«.f» 

r 16 

6 3 
2 8 1 
15 
2 10 
1 14 
14 2 


22 10 3 



Total weight ofthe ship, with stores and equipments. Feet. in. 

to a draught of water .... Afore 16 01 

Aft 17 Of" 

Weightof the hull, to a draught of water . Afore 10 51 

Aft 14 4/ 

Weight of the material receifed on board, in toni 



Tons. 
960 

510 
450 



8L00P, rigged as Ship. 18 guns. Tonnage, 462 tons. 
Complement of Men, includbg Officers, 130 in number. 

PRINOIYAL DllOENSIONS. 

Ft. in. 

Length between the perpendiculars 113 3 

Length of the keel for tonnage . . . - . . .92 10^ 

Breadth, extreme 30 7 

Pepthinhold SO 

Abmaxekt. 
No. of guns. Weight of eacK Length. 

Cwts. Fu in. 

TT««^,.;i«u 1ft/ 2 32pdr8. ... 25 ... 6 

Upper deck . . . ISj^ggg^^^ ^ ^^ _ 

Total weight of the guns 16 ton8,2 cwtfc 

Weig^htofthebrofidsideinlbs , . . . . 288 lbs. 
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Weight of each. Total weight. 
^ . , ^ - - ... , ,. . „ V ^''**' Tom . cwti. qn. 

feig^bt oftnepnncipalanchor8(4m No.) . 23 ... 4 12 

WaiGBI OT TBI PBINOIPiO. CaBLIS. 

Weight of each. Total weight 

.-..,, . Cwu. qn. lbs. Ton*, cwt*. qn. Ibt. 

tiempen, of 14 inches circmnference • 86 2 16 1 16 2 16 

* cYitdn, of If inch diameter of linlu • 90 8 13 12 1 



15 8 8 16 
V^eig^lit of the anchors • . . 4 12 



Total Tveight of the principal anchors and cables , 20 8 16 

Mabts. 

Length. Diameter. Weight 

{Feet. in. .Inchei. Tout. cwti. qn: 

Mam . . . . 67 6 ... 24 ... 8 10 

Fore .... 62 6 ... 22^ ... 2 16 

Mizen . . . . 47 6 ... 18 ... 1 10 

Bowsprit . . . 29 ... 22^ ... 2 4 

Total weight of thfr masts , . , , , 9 19 

Total weight of the ship, with stores and equipments, peet. in. Tons, 

to a draught of water . . . , Afore 8 91 .-^ 

Aft. 10 11/""" 
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BUDnOBTABT TBKATI8S 



PAET 
ScaaUingt or Dimeniioiis of the prineipol portions of Htsr Majest/f 



110fV]is> 90 guns. 



80 gun 



hel 
tol 
her 



Length of the gun deck hetween the*^ 
perpendicttUre, from the aft side of I 
the rabbet of the stem to the fore | 
side of the imbbet of the stem post J 

Length on the load water line, from the 
fore edge of the rabbet of the stem 
the after edge of the mbbet of the 
•tern post .... 

LengUi between the perpendicvlars firon^ ^ 
which the keel for tonnage is deri?ed, 
Tis., *'irom a perpendicular at th^ 
height of the upper deck at the foi^ 
part of the etem, to a perpendicular 
from the back of. the poet ^t the 
height of the gun deck lower sillf " . 

Length of the keel for tonnage . . . 

Breadth, extreme, from outside to out- 
side of wales 

Breadth, extreme, for tonnage, or sup- 
posing the thickness of the plank 
the bottom to be continued up 

Breadth, moulded, or to the outside of 1 
the frame timbers . . ... J 

Breadth at the top timber line of dead 1 
flat or midship sections . . . . j 

Depth in hold, measui-edfrom the inner^ 
edge of the upper side of the limber I 
strake to the upper side of the lower ( 
deck beam J 

Burthen in tons 

Gun deck ports, fore and aft ... . 

„ „ „ deep 

tt „ „ sills from deck . . . 

Middle deck ports, fore and aft . . , 

»» »» tf deep 

»* » n port sill from deck , 



ir Bup-1 
ankof I 



Ft. in. Ft in. 
204 207 4 



203 208 



?07 6 

166 6k 

60 

59 2 

6S i 

i5 



23 9" 23 4 



3099l{ 

8 6 

2 11 

2 4 

8 5 

2 11 

1 11 



210 21 

170 7| 

56 

55 2 

54 4 

47 



Ft. in. 

190 

i 

189 

192 3 

155 3 
56 9 

56 

55 3 
44 



2761i} 

3 6 
2 11 
2 3 



3 6 
2 11 
2 4 
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ON SHIP BuiLDnca, 



lOQl 



CIX. 

Ships, usually termed Sohkmb or SoAVTUirofl. 



FriffsUs* 
50 sums. 



Frigates, Corvette, 
88 guns. 18 gum. 



Ft. in. 
180 

180 6 
183 



U6 lOi 
52 8 

52 2 

51 4 
44 6 

16 8 



Ft. in. 
140 



113 9| 
41 8 

41 



Ft in. 

120 

120 5 

124 9 

99 6 

37 6 

37 2 

36 8 

83 6 



steam 
sloop. 



Ft. in. 
180 



11 1 



1051, 



n 



731A 



Screw 
steam 
sloop. 



Ft. in. 
198 72 

185 



99 6 

36 

35 8 

35 



Schooner. 



80 guns. 



Ft. in. 

80 

77 8 



194 A\ 80 10 



21 



1067 



169 9i 
35 

34 6 

33 11 
32 9 

20 5i 
1074U 



Ft. in. 

280 

229 4 

238 3 



65 5i! 194 7i 



23 8 
28 



55 3 
54 6 



22 7 i 53 8 



21 2 

9 10 
182i) 



41 6 



24 6 



3074 

3 6 
2 11 
2 3 
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BUDnCSKTABT tbkahbb 
ScHKMB or 8cAMTLaaS'^€oiUin%ti 



Upper deck porti, fore and aft ... . 
M M « ^•'P 

Qmrttr deck porte, fore and aft • . . 

„ M » ^**P , • • • • • 

M M t» po^ *^ ^»<^ ^eck . 
Xainkeel^ofebn. 

Square amidthipf 

Fore end tided 

After end sided 

False keel, elm. Thick 

Main keel, elm. 
Horisontal scarphs to be, long . . . 
Bolted with bolu of . . i>iameter 

Main stem, English oak. 

To be moulded 

Sided at the head 

Sided at the lower cheek .... 

And to diminish at the junction with 

the keel to ....... . 

Apron, to be English oak. 

Sided at the head 

Sided at the lower cheek .... 

Sided at the fore foot ...... 

And to be moulded as shown by the 
drawing for building 

Stem post, of English or African oak. 
Sided at upper end 

Sided at the lower end, as the keel . 

Inner post. Fore and aft at the head . 
„ „ Fore and aft at the heel . 

Aising wood. In midships, thick . . 
„ „ „ „ broad , . 

Height of cutting down in midships above 
the lower edge of the rabbet of the 
keel 



110 guns. 



Ft. in. 
8 5 
2 11 
1 11 



8 

2 

1 

1 
1 
1 

No.2 



1 8 

2 8 
1 8 

1 6 



2 3 

1 8 

1 e 

1 



2 1 
1 8 



8 

1 10 



2 10 



90 guns. 

Ft. In. 
S 6 
a 11 

1 11 

8 

2 8 

1 8 

1 8 
1 6 
1 5 

U 10 

4 9 

li 

1 10 
1 8 
1 8 

1 6 



1 8 
l"'6 
1 

1 10 
1 5 



2 10 



Ft la. 
3 5 
8 
111 

3 1 
2 8 
1 7 

1 7 
1 SI 
1 3 



4 6 

1 7 

1 7 

1 5 



11 



1 10 
1 3 

1 2 

1 6 

6 

1 6 



2 10 
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ON SHIP BunDnra. 

80HIMB or 8<jAjmnr«8-HwiiliiHi#el« 



111 



srsisz* 


Frigitet, 
28 gum. 


Conrtito, 
ISguna. 


steam 
■loop. 


Screw 
•team 
■loop. 


Sdiooner. 


aOKuni, 
•crew. 


Ft. SlL 
8 6 

2 11 
1 11 


rt In. 
8 
2 8 
1 11 


Ft. in. 
3 
8 4 
8 






FL in. 
2 6 
9 1 

10 


Ft. in. 
8 
2 11 
1 11 


8 8 

2 10 
1 10 


2 11 
2 5 

1 7 










8 8 
8 4 

1 6 


1 6 
1 2 
1 2 


1 4 


12 by 15 

'ioi' 


InchM. 
14 by 16 

12 by 16 
12byl6 


Inches. 

14 by 18 

11 

14 


iBehM. 

10 by 12 
8 by 12 
8 by 12 


1 8 
1 4 

1 4 


2Na.{2 


J 


6 






6 


6 


5 d 
1 






Ft in. 
5 
0} 


Ft. in. 
4 9 
Oi 


Ft. in. 
8 
Oi 


6 

li 


1 6 
1 6 
1 5 





ft 
'15' 


1 4 

1 8 


1 8 
1 8 
1 3 


1*1 


1 8 
1 7 
1 7 


1 2 


• ••*• 


101 


1 


11 


8 


1 4 


1 6 




15i 


1 8 


1 5 


11 


1 8 


1 2 




10 


1 


'1 5 
2 


8 


1 8 


1 1 
1 6 




9 

1 8 




Fore 6c aft. 

10 

1 9 


7 

1 




8 

1 6 








1 2 






2 8 


2 6 


2 


1 8 


1 7 




2 
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gOEWB Of S0AIW1JK«-«WU»**^' 




Sided 
Moulded 

Ist Futtocks. Sided 

Moulded . 

To be coaked to the floor timbers, and 

bolted with square bolts of iron. 

Diameter 



2sd Futtocks. 



134toU4 
U 



8rd Futtocks. 

tt 
4tb Futtocks. 

f* 
Bih Futtocks. 

f* 
6th Futtocks. 

Moulded . . . • 
I The"other timbers to make up the re 
quired lengths to follow these pro- 
portions. 

Keelson. To be square 

Coaked or dowelled to the floors, or 
long and short-armed floors. Bcarphs 
to be, long 



Sided . . . • 
Moulded . . • 

Sided ^^**^ol** 

Moulded ^H 

Sided 13tolSi 

Moulded 134 

Sided . 13tol34 

Moulded 13i 

Sided 13tol3il 



131 



Ft. in. 
1 8 



f 

134tol4 
131 
13 1 
13i 

124tol3 
13 

12tol3 
13 

114 
11 



Ft. in. 
1 8 



i 
134tol5 

13i 
134tol4i 

IH 
IStolSJ 

I2i 

12itol3 

.124 



Ft. in. 
1 6 



Keelson bolts, in diameter . . . • • 
number through each floor 

Keelson side, to be coaked, and also bolted 
with bolts of . iJiameter 

Keelson side ^^^« ' 

Stemson, to give shift to the scarphs of 
the stem and apron. 

To be sided 

Moulded at the head 

Moulded at the lower end . . . 

Bolted with bolts at the lower part, 

Qf Diameter 

At the head 

Bottom plank. To be thick . . . • 

And this part, from 3 feet below the 

light water line upwards, to be of the 

very best quality of English oak. 



5 6 






If 

1 



If 



5 6 



14 

1 



^0* 



6 6 







30 



1 



If 





3 

8 

If 

H 

5 



1 2 



If 

i| 

6 



5 
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118 



Friismtes, 
60 guns. 



Inches. 

14tol5 

161 

IStoU 
13 

f 

13toU 

12 

llitol2i 
llj 

lltolli 
lOf 

lOitoll 
lOi 



Frigates, 
28 guns. 



Inchou 
12toU 

lO^tollil 

H 



Conrette, 
18 guns. 



Ft in. 
1 5 



5 6 

n 

1 



If 
28 



5 



lOtolO^ 

8i 
9jltol0 

7i 
9jitol0 

n 

9^1010 
7 



14 



Inches. 
lltol2 
14to9 

lOitoU 



10 to 9 
8 

9ito9 
7 

9 

n 



1 1 



u 



steam 
iloop. 



Inches. 

10tol2 

13 

10tol2 
llj 

i 

9 to 10 
lOi 

9tol0 
9 

8 to 8^ 

n 

8 
6* 



Scxew 
tteam 
sloop. 



Ft. in. 

1 2 

5 6 

n 

1 



Inches. 

9 toll 

11 

9toll 

f 
9tol0 
H 

S* 
7i 

8 
7 

n 

6 



Schooner. 



Ft. In. 

Deep, 

rO 10 

LI 2 

Sided. 



li 
1 



Engine sleepers. 

li li 

From 10 to 15 ft. beyond 

engine room, bulk. 



8 



0. 4 



8^ 



Ft. in. 
8^ 
6} 

S\ 
6i 



8 

6 

7h 

51 



10 



2^ 



80 guns, 
screw. 



Indies. 
16tol6 

164 
15 to 16 

i 

18iltol5 
Uk 

18tol4 
14 

IStolSi 
131 

IStolSi 
18i 

12itold 
12i 

Ft. in. 
1 8 



5 6 

If 
1 



1 4 



5 
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UOfuna. 



MfQM. 



80 ^si. 



Xmb wala^ English oO. Thick . . 
Xiddlawala^BnglUhotk. Thick . . 

Channel wiloi. Thick 

Sheer stnkei, crown plank, of long lengths 



Orlop ihelf pieeea. Broad 
„ „ „ JefP 
« » » Boltt 



Diameter 



Orlop 



Moulded 
Bided . . 
To round up 



Gun deck heams. Moulded . . 

» n n Sided . . . 

« t, w To round up . 

„ „ „ Flat, thick . 

Middle deck beams. Sided . , 

„ „ „ Moulded . 

„ „ „ To round up 

„ „ „ Flat, thick. 

Upper deck beams. Moulded . , 

„ „ „ Sided . . 

„ „ „ To round up 

„ „ „ Flat, thick . 

Quarter deck beams. Moulded . 

„ „ „ Sided . . 

„ „ „ To round up 

„ „ „ Flat, thick 

Forecastle beams. Moulded . . 

„ „ Sided . . . 

„ „ To round up . 

„ „ Flat, thick . 

Bound house beams. Moulded . 

„ „ „ Sided , . 

M w „ To round up 

>» »* i. Flat, thick 



Ft. ta. 
10 









1 
1 


1 
1 


1 
1 




1 
1 






^\ 

5 

4 

2 



8 
i 
4 

5 
5 

7 
^h 

S 

1 
8 
4 



1 

1 1 

8 

4 

10 
11 
8^ 
4 



8i 

n 

8i 

4 

6i 

8 

8 



Ft. IB. 
10 



5 

4i 

1 3 

9 

li 

1 2 

1 2 

4 

1 4 
1 4 
7 
4J 



1 2 

1 1 

8 

4 

10 
10 
8^ 
4 

10 
10 



8i 
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llOgnns. 



Mguni. 



Weiffht qf Iron Knees utedto attaek tke 
Btam* <if tke eeveral Jkekt to ike tides 
<^ ike skip. 

Orlop Weight 

Lower deck ^ 

Gun deck ,, 

Middle deck ,, 

Upper deck „ 

Quarter deck mA forecastle . . ,« 

Fore step, to be made by two crutches. 

Bided 

Asunder in the clear 

Long 

Bolted with 10 bolU, of . Diameter 

Main step. Sided 

,, Beep on the keelson . . . 

Length such as will allow it to pass 
clear of the well stantions. 

Misenstep. Sided • 

ti I>eep 

,, Bolted with bolts. Diam. 

Biding bitts. Fore pair, square . . . 
,, ,, After pair, square . . . 
,1 „ Above the deck . . . 

Cross pieces to riding bitts. 

Fore and aft way 

Beep 

Main geer and topsail sheet bitts. 
To be of Afirican timber, and square . 

Main-mast partners. Beep . . , . 
„ „ Broad .... 

„ „ Above the beam . 

Gun deck, breast hook. Sided . . . 

„ „ „ Long . . . 

Bolted with bolts of . . Biameter 

Gun deck clamps. Thick . . , , . 

Gun deck shelf. Broad 

„ « Deep 

Bolted with bolts of . . Biameter 

Ghin deck spirketting. Thick .... 



Cwt. qr. lb. Cwt qr. »>. 
8 14 8 



8 2 21 

2 S 14 

2 8 

1 1 22 

Ft. in. 

1 1 
4 

IStoUft. 
If 

8 8 

2 4 



2 



CwtqT.lb.' 

" 8 01 



8 2 10 
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1 10 

1 11 

1 

1 8 

1 7 

1 2 



1 

1 


1 

18 





2 2 10 
12 

Ft. in. 

1 

8 6 

14 

litolfin 

8 
1 6 



1 10 
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1 7 
1 8 
4 10 

1 6 
1 4 

1 2 

1 5 
1 4 

8 

1 2 



If 

8 

1 8 
10 
li 
7 
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Frigates, 
60 guns. 



Cwt. qr. lb. 

1 "3' 



Frigates, 
28 guns. 



Cwt. qr. lb. 



Cwt qr. lb. 



2 2 
18 

Ft. in. 

1 1 
3 6 

14 

u 

2 10 

1 10 



1 9 
1 7 

1 

1 6 
1 6 
4 10 

1 4 
1 3 

1 1 

1 2 
1 4 

7 



1 13 10 
110 



Corvette, 
18 guns. 



110 



Steam 
sloop. 



platform., 

Cwt qr. lb. 

1 16 



Screw 
steam 
sloop. 



1 1 12 
0'"8 1 



Schooner. 



80 guns. 



t 



I 
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nOtuas* 



Gun deck wftterways. Sided 
If » 1>««P 

Middle deck ibelf. Breed 



ft 



BolU 



Biameter 



Middle deck watenrajT. Sided . . 

„ „ ,f Beep . . 

Middle deck spirketting. Thick . . 

Upper deck, deck hook. Sided . . 

„ „ „ „ BolU Biameter 



Upper deck shel£ Broad . , 
„ „ „ Beep . . 
„ „ „ Bolts . Biameter 

Upper deck waterway. Moulded 
II ,t ,1 * Beep. 

Upper deck ipirketting. Thick , 

Quarter deck clampi. Thick . . 

Quarter deck shelC Broad . , 
„ „ „ Beep. . c 
„ „ „ Bolta . . Biameter 

Quarter deck waterwayi. Moulded . 
„ „ „ Beep 

Quarter deck spirketting. Thick 



Cat heads. Fore and aft . . 
„ Beep .... 

Rudder head, to be in diameter 

Iron riders in. tlie hold. Broad 
„ „ „ Thick 

>t $t ft Bolts 
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PART XX. 

Xethod of expanding (by metni of the Sbeer Drawing or Ihsoght) tbe 
Bottom of a Ship on Paper, or a PeUneation of the whole Sm&ce of the 
outside of the Timben that compote the Frame of her ; a mechanical 
operation that enablet the practical ihip builder to anange a dispontioB 
of the pUuik and thickstoff aa a ooyering to the timbers of the ship under 
the breadths, lengths, and positions that will be the most adyantageonsfff 
strength to the ship and economy in the conyersion of the store ct 
planking. 

The expansion of the outer sorfiace of the timbers of the 
frames being attended with some trouble, and requiring a 
little more attention than the other ordinary duties of the 
draughtsman, it may be thought by some that such a de- 
lineation of the planking might be dispensed with, without its 
being detrimental to the process of planking or skinning the 
bottom of the ship. True it is that the ship builder may, 
with the quick eye that long practice has given to him, deter- 
mine at a glance the positions of the least girt of the body 
from the keel to the wales in the fore and after portiousof 
the ship, and by girting the frame of the vessel at these places 
ascertain the .contraction or extension of the breadths of the 
bottom plank that may be necessary to make it fit to the 
timbers or ribs under the most advanti^eous form. Bat the 
surface presented by the bottom of a krge ship is a wide field 
for the human eye to travel over and fix on it the station of 
each butt or end of the numerous planks composing the skin 
or covering of the timbers, besides having at the same time 
to bear in mind also, that they have reference to the arrange- 
ments of the internal portions of the planking ; and thence 
time will be saved and a more perfect floating structure be 
built, if the following method be adopted (even under a rougli 
guise) to describe, by lines on paper, the edges of the wales, 
diminishing plank, and plank of the bottom. 

The required expansion is obtained from the sheer drawing 
of the ship (Plate 1), with the aid of a midship section of her 
(Plate a), on which the draughtsman has shown the sectional 
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Sketch 1. 
Bxpaofion of Plank oatnde. Fore Body. 
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BkeUh 8. 

Bzpansion of After Plank; (outiide). 
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areas of the different strakes of vale, dimiuiabing plank, and 
plank of the bottom. 

The baae line of the expansion is assumed as a representa- 
tion of the middle of the rabbet of the keel, or the lower 
boondaiy of the surface of the timbers of the frame, of which 
surface the proposed expansion is a development (Sketch 2, 
of Expansion, p. 12f2). 

This base line will be necessarily a straight line, the keel 
partaking of no part of the form of the body of the ship; 
therefore from the sheer draught (Plate 1) take the stations 
of the frames as shown on that drawing by straight lines at 
equal distances apart, and transfer them to the straight line, 
assumed as the base line, to represent the middle line of the 
rabbet of the keel, the after end of such line being governed 
in length by the after edge of the rabbet of the post at the 
height of the middle of the rabbet of the keel ; and the fore 
end running as far forward as the form given to the ship 
forward, makes the middle line of the rabbet of the keel a 
straight line. 

The heights (Plate 1) on the sheer draught of the ship 
from the line representative of the middle of the rabbet of 
the keel to the lines descriptive of the edges of the several 
portions of the planking, would be projected heights, or, 
artistically speaking, fore-shortened heights ; but the expan- 
sion requires that the shortened height should be extended to 
its whole length as an ordinate of the surface of which it is a ' 
part ; and to obtain such, the length must be taken round the | 
section of the frame on the body Plan, or what is termed the j 
girt, to the point on the section which is descriptive of the line | 
of wales, diminishing plank, or plank of the bottom (as sho^m I 
in Sketch 2, of Expansion, p. 122). 

The midship frame and its planking, under these circum- 
stances, is first expanded in height, which is done by 
penning a thin batten round the midship section (Plate 2), 
and marking on it the middle of the rabbet of the keel and 
the points denoting the edges of the wales (as n), sheer strakes, 
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upper and lower sides of ports, Ac. ; and this batten being 
allowed to fly straight, is applied to the straight line, which 
is assumed to be representative of the midship section in the 
sheer plan. The mark on the batten, which was made to 
denote the relative position of the middle line of the rabbet 
of the keel, being kept well with the base line before de- 
scribed, and the batten lying square to that base line, the ex- 
panded heights, from the middle line of the rabbet of the keel 
to the several portions of the planking, viz., wales, ports, &c., 
are transferred from the batten to the paper. 

The heights of the wales, ports, and sheer strakes, ^., as 
determined by the draughtsman on the sheer drawing (Plate 1), 
are next to be transferred from the sheer plan to the body plan ; 
and these are again, by their breadths, thus obtained on the 
body plan, to be run off or developed for length on the 
half-breadth plan (as shown in Plate 1), as curves, which in 
the half-breadth plan are descriptive of the wales, port, sill 
lines, sheer strakes, &c., through the length of the ship. Pen 
or bend thin battens round these curves, and mark on each 
batten the points where these lines severally cross the line 
denoting the midship section of the half-breadth plan, and 
also where each timber, as denoted by a straight line, crosses 
the same curves, viz., those tliat, in the half-breadth plan, 
severally point out the line of the wales, sheer strakes, water 
lines, &c., thus giving the girts of these points from the mid- 
ship section each way. This will give for length, the ordinates 
of the expansion which are due to the several points of the 
wales, sheer strakes, water lines, &c. For height, in a similar 
manner pen battens to the girts of the other sections in the 
fore and after bodies of the body Plan, from the middle of 
the rabbet of the keel, and mark on them the positions of the 
upper and lower edges of wales, sheer strakes, height of water 
lines, and decks at the side, &c. 

Under these considerations, for each point of these lines 
there are two expanded dimensions obtained, one for height 
and the other for length; and the two are capable of being 
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Mt off, Cram oommon standards : for length firom the midship 
■aotion, each mj ; for height, firom the hase line* assilttied as 
the middle line of the rabbet of the keel ; but the expansioii, 
being a surface, admits but of two dimensions for each point, 
and thence each point of the planking can be determined bj 
the method that has been given, and the full inner sorfiAce of 
the planking be depicted ; and the doing so will allow the piao- 
tical builder to arrange the butts of his planking on paper on 
his drawing board. A rough block model will greatly assist 
the expansion drawing, as a batten can be penned on it, and 
the best positions for the planking be determined \>y it« 

BBrSBSllCEB TO THB BXBTGHBB OF THE EXPASBtOir OF TBI 
rOBE, MIDSHIP, AND AFTBR BODIES FOB THE PI^ANXIHG Qt 
THB OXrrsiDE OF A SHIP. 

These three would form in practice one expansion, the 
restricted si^e of the pktes of this rudimentary work requiring 
the division that has been made into fore, midship, and aft^r 
bodies. 

On the fore b6dy expansion (Sketch 1, p. 131), made fiS de- 
scribed by the tett, the position of the hawse holed, bow pdrt, 
cheeks of the head, Ac, are marked. The cheeks are placed 
in the centre, or nearly so, of a plank, that the planks may 
be caulked or made water-tight in their seams or joints with- 
out the cheeks being removed or unbolted, ati operation that 
would be attended with some expense and loss of time. The 
butts are also shown, with three planks between them. 

The several methods of working the planks, under the con- 
versions styled top, and butt and fkir edged, are also shbwn; 
and a steeler, to take 6ut the sny of the plank, is alfio 
delineated. 

This description of the fore body expansion will 6erve to 
elucidate the terms for the form of plank shown on the 
midship and after body expansions. 
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PART XXI. 
I>e8cription of the Fitiiogi to (ho Kidiog or Mooring Bittf. — Common — 
Blliot'f. — Description or fieferenoe to PUto 6, — Deck Hook, how formed. 
Iron Crutches. — Irou Breut Hooks.— Cleats, their form and uses. 

SkeUh 4. 
Sketch of the Biding or Mooring BittSy u fitted in Htr Majesty's Shipt of War* 
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DESCRIPTION OF SKETCH 4. 

Sectioiul elenitiimt and pluu of riding bitu : the oao u commoiily fitted 
in ships of war, the other as fitted on a design suggested by Admiral Elliot, 
of the British Nstj, to be practised where want of room on the deck or pkt- 
Ibrm for the training of the guns makes it expedient that a portion of tbe 
eommon method of fitting, via., the cross-piece, should be dispensed witb. 
The methods of arming both descriptions of mooring bitts with iron are sin 
shown, sneh Ibrtifieations being necessary to protect the mooring bitts wben 
chain or iron cablet are used ; bat these fittings are so adapted, that the 
hempen or rope cables may be worked round them without injury to the cables. 

BKVnKFOSS TO THl SkXTCH. 

Figu 1 a%d 2, Riding Bittt on the eommon pian, having a eross-pieee Qi). 

a, A sectional eleration of the riding bitt above the deck (A). The section 
(a) being dmwn on a scale, is descriptire of the sice of the bitt, which, ia 
the first-rate men of war, is 1 foot 10 inches. They are usually, of oak. 

h, Sectional elevation of the cross-piece to the bitt (a), which, in siae, for the 
first*rate, is 1 foot 8 inches in the fore and aft direction, and 1 foot 7 inches 
deep. {Vide the appended scheme of scantlings for ships.) The cross- 
piece (6), which is of oak, extends across each pair of riding bitts, and the 
ends of it project beyond them, thus tying the bitts together and forming 
a larger surfiice to wind the cable round, by which means the friction is 
increased and the security for the cable made more firm. The cross-piece 
is made to dasp the correspondimg riding bitts of each side (or the two 
fore or two after ones) by what is termed a fiicing or scoring over 
them (t, fig. 1). 

c, An iron casting or iron hood, which is hollow, and fitted over the square 
of the bitt head as shown in the plan (fig. 2), by the corresponding letter 
(a), in which sectional plan the thickness of the iron in the hood (c) of 
fig. 1 is depicted by the distance between the concentric circles containing 
the distinguishing letters («). This casting has a fianch or projection ca<t 
to it {i)f which forms a shelf, as it might be termed, for the torn of the 
cable round the bitt, to rest on ; and {d), face piece of elm used to succour 
the cross-pieces (b). 

e, A casting of iron employed as a shield to the cross-piece (h) and fiice piece 
(e^), to preserve them from the severe friction which arises from the iron 
cable running over them when the cable is bitted for stopping the motion 
of the ship after the anchor is let go, which motion has to be checked by 
the cable being compressed and allowed to slip gradually round the bitt (a) 
and cross-piece (b). 

f. Arming of casting iron to protect the side of the bitt (a) below the cross-piece 
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(b) from the rub or chafe of the iron cable. The phm lection of/ it 
shown in fig. 3, where a ia a plan tection of the bitt, and / the lame of 
-the iron casting (/) of fig. 1. 
^, At y a wooden knee or sUndard to the bitt (a) if worked to rapport the 
heaTj strain brought on the bitt (a). The bitt (a) nsnallj rans down 
tbroagh two decks, but is not secured hj a standard on the lower one. 

Rsvasurcis to tbb Seotional Eliyatioh avd Puls or tbb Sinnro 

BiTTS WBUr VITTU) WITnOUT ▲ 0BO6B-PIX0B, OB WHBV ITrTSD OH ▲ 

Flaw sgaoisTBD sr Apxieal Eujot, of bbb Hajb8tt*8 Kayt. 

A, Worm or thread cast in the under iron hood (b), forming the lower sepa- 
ration between the turns of the chain cable, two or three of which tarns 
are usually taken round the bitt head when they are thus fitted. 
a. Plan section of the bitt head, with the iron hood (6) round it. 
B & G, Mortices or holes cut through the lower hood (6) to reoeiTe the cable 
supports to keep the other turns of the cable separate. The cable supports 
which are inserted in these mortices are described in the figure, both in 
plan and elevation, by sections, that of plan being marked e, and the 
elevation d. 
D & E, Holes through the upper casting (<;), to receive round bolts to prevent 
the upper turns of the cable from flying off over the bitt head when the 
cable is veered out for anchoring the ship. 
P, Standard or wood knee to the riding bitt, to which the flange of the lower 
hood (6) is secured ; but the standard (F) is principally designed to support 
the riding bitt and resist the strain brought on it. The standard to be, in 
height from the deck, about twice the diameter of the hempen cable. 
The riding or mooring bitts on this principle are not required to be so high 
above the deck on to which they are placed as those fitted with a cross-piece ; 
and although a faulty constniction in the deck pinn of a ship, in its not 
affording space for the required evolutions of the foremost guns of the battery 
without the removal of the cross-piece to the riding bitts, may make the bitt 
without a cross-piece to be a fitting that may be tolerated in practice : still, the 
twisting strain brought on the bitt head when the cable is veered round it 
has a great tendency (from the bitt head being unaided by the cross-piece, 
and isolated, as it were, from any support from the other bitt) to destroy the 
bitt by wrenching it out of its place. In some instances, when thus fitted in 
the navy, such an occurrence to the riding bitts took place, and the svil was 
in a measure rectified in the subsequent fittings on this plan by deep catlings, 
or as it were shores, being worked athwartehips between the two bit^. This 
plan would soon be obsolete if the deck pkin of the naval construction was 
made with due regard to the requirements of the naval artillerist for working 
and training the guns. 

a 8 
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DEBCRtmOK 0» PLATJfi 6. 
Ikek ffook, imripHntifthijportum qf th$ JFVoam qf ths Ship oUuded to at 

Fig. 1. Tli« pirttDMrked** are of Wood, and an called ekiDga. ThejaMin 
depth the lame thickneii aa the moulding of the beamg, and are acaiphed 
together at the middle aa shown hy the fig. An iron hook it then wodsed 
OTer them in thicknets ai detcrihed in the fig.^ of the breadth of 5 or 6 
inches, and the whole, or the wood ekingi and the iron hook, bolted finnly 
ta the timbara and plank of the ship as shown in the sketch, tha bolts (&) 
daevsasing In diameter from those shown at the scarph of thaekings to the 
outer aoBR Tha bolts in the throat of the iron hook, in a large ship, are 
usually l|-incbes bolts; and at tha ends of tha same | w f of an inch 
in diameter. 

ht^€, Vigf. 8 and 8. Iron erutehes or sUples, marked m, used internally to 
tie the two sides of the ship together in the after extreme oi the ressel, 
tha eentres of them, at b and e, being on the upper sides of the after dead- 
wood, and the arms laying across theheels of the timbers, so that the bolts 
shewn in the sketch are each in separate timbers. 

A fc B| Figs. 4 and 5. Iron breast hooks, performing the same offioe in the 
fore extreme of the ship that the iron amtches do in the after •ztreme, 
and they are phwed between the deck hooks* 

CltaU or Mechanical Contrivances for the reception of Ihe J^eadt and ffeeU 
of the Shores which are employed in putting , together the fVames of a Ship, 
and those used in the several porHont if her planking and of her general 
tonstruetion, 

a, Wale cleat, or one of those which are placed on the wales af^r the 
planks so denominated are worked. The cleats are secured to them, in 
the Queen 8 service, by Mr. Blake*s screws, and in the merchant setVioe 
by large nails, driven on a ring to insure their removal when they are no 
longer required. The nails used are called spike nails. The upper score 
or notch of this cleat is intended to receive the head of a shore, called s 
wale-shore, which is placed with its head above the level, the heel or outer 
end being brought to the standards or uprights which usually surround 
building slips. These shores preserve the form while building by pre- 
venting the sides of the ship from falling outwards. The lower score 
receives the head of a shore, the heel of which is down on the groundways 
of the slip, and which heel is kept in its position by a deat (b), also 
secured with Blake's screws or nails. These shores take, in part, th« 
weight of the ship. 
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€&d 9at el«ati used in worti&g tht pfauiki to rnnkt itopi or •btttmoto for 

wedg«f to bo aot hpkaiL 
Fig. 8. A j^iooi or timber witb tbo taould laying on it» thowing tho oonneo- 

tion when chockB were wed inatead of iqiltto heidi and boob In tbo Auno. 

On the !^late*5, iig. 9, is fbown a method fotaetimei uaed to Buccottf tbo 
'bag of tbe frame of timber, or tbe carted p6rtion of it, when being boiited 
into its place, oTer tbe floor ribband sbown on tbe pbito in tbo balf seetion, 
fig. 6, tbe floor bead being distinguisbed by tbe letters ed, and tbo floor being 
depicted therein as crossed over tbe keel. On tbe frame to be hoisted are 
marked, in its seTeral parts, tbe abbreviations used to denote the soTeral beada 
smd heels of the timbers, vis. F. H. for floor bead, 1 H. ibr firlt bead, &c 
Cleats of tbe description marked C, in this plate, are nailed to the frame in tbo 
positions pointed out by tbe shaded sections of wedges placed inside of it 
Between these a board is placed, described by e, which acts as a shore, and 
prevents tbe upper and lower parts of the frame from coming together when 
it is being raised, and forms a ladder for the workmen to ascend the frame 
and fix the cross paul, or what may be termed a tie, to keep the frame to its 
proper spread or width athwartsbipo. On this section will also be found tbe 
positions of the several ribbands, as marked Ist S. B., &c,, which is nn abbre- 
viation of the Ist sirmark ribband. A rope or chain is, as an additional 
security, wound round the frame and shore at tbe middle of e, and set taut 
by wedges on e. 



PART XXII. 



Poicription of tho oevond Xodeo used in Her Majesty's oervico for uniting 
the Beams to tho sides of the Sbip.^Refefences to Plato 8, or a descriptive 
Prawing of a Oomprossor for tho Chain Gables* 

PESC&tFTIOK OF THS 8EGTI0KS OF IRON ItNEfiB TO BKAMS) AS 
SHOYTN IN PLATE 6. 

SeaU, i^fan inth to a/ooi» 

Fig. 1.— Iron plate knee, on Mt. Eoberte's pbin, with tbo watod arm to tbe 

beam arm, as described in Iig. S, Plate 7. 
Fig. 2.— Plate knee of iron, used by Mf . Roberts for connecting the chocks 

worked to receive the plate knees of the lower deck of line-of^battle ships, 

with the orlop beams of the same, tbe arm marked (b) running along tho 

orlop beam^ and tike otbe^ aim up the obock. 
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PH^, S. — Front vkw of tlw bMm «m of a knee, introdneed by Mr. Lng, 
lUglcr Shipwright of Woolwich Tard, in building the Bayal AOrni, of 
190 gvna. The knee, nmning down from the lower deck beam, poaaee the 
eriop deck, ae ihown in the f^. 

Fig. 4.^The front new of the tide aim of the aune knee, with the pontion 
of the boltf. Theee knees hare a gnat tendency to render tbe fiibiie finn, 
the knee performing the double office of a knee and a brace. 

Fig. 6. — Section of a horn knee, with three bolta in the horn which clasps 
the beam. 

Fig* 8. — Iron plate knee nied by Mr. Soberti, with the intervention of a 
chock, to nnite the orlop beami to the lide of the ship. 

Fig. 7.— Fkte knee of fig. 8, plate 7, without the chock, the description of 
which if there giren. 



D£8CRIPnON OF THE S£CTI0N3'0F IRON KNEES TO BEAMS, AS 
SnOWN IN PLATE 7. 

ScaJ^i \ of an ijich to afoot 

Fig, 1. — The section of an iron knee, for the security of the beam ends to 
the side of the ship, introduced into the practical carpentry of the British 
TO^yj by Sir William Symonds, late surveyor of Her Majesty's navy. 
The section shows the thickness of the iron in the side and beam arms of 
the knee, which are worked to the internal planking, with the breadth of 
iron of the horn or clasp of the knee to the beam. 

Fig. 2. — Front view of the same knee, drawn with a cast or a diagonal 
direction given to the side arm, being the form of iron knee that is used 
where the beams of one deck are adjacent to the ports on the other. The 
section gives the breadth of the side arm of the knee and the thickness of 
the horn that clasps the beam. The upper bolts, or those in the throat or 
thickest portion of the knee, are, in large ships \\ inches in diameter, the 
lower ones, or those in the extreme ends of the knees, being | of an inch 
in diameter. The intermediate bolts in both side and beam arms being 
graduated in size between these limits of IJ inches and } of an inch, the 
nib or tumed-up portion of the beam arm of the knee (shown in fig. 1) is 
let up into the beam before the iron knee is bolted. 

Fig. 3. — Side section of a beam, and a chock worked to receive an iron plate 
knee, introduced by Mr. Roberts, many years master shipwright in Her 
Majesty's service. The objection made to the use of this security of the 
beam end to the side of the ship is this : that the bolts in the beam arm, 
from being all in one range of the fibres of the wood, have a great tendency 
to split the beam end. The projector, Mr. Roberts, to overcome this 
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serions objection^ made the upper arau of these plate kneee in « wiTed 

form, vide fig. 1, Plate d, which in some measure obTiated the objection 

by keeping the bolts from being in one lange at the beam end. 

Fiff. 4. — Front 'view of the chock uoder the beam, with the plate knees 

let into the chock, their thickness 1^ inches; and descriptive also of the ends 

of the plate knees next the side of the ship being tamed romid to laj 

against the side of the ship, and to take two bolts throogh them. 

Fig, 5. — Jron knee used as the security for the beam ends of the poop of a 

line-of-battle ship. It is usually denominated a dog pkte. The upper 

part of the knee is fonned as a round bolt, long enough to pass through 

the beam, as ahown by the figure, the bolt b^ing clenched on an iron ring 

or plate upon the upper side of it. The bolts in the side aim (a) pass 

through the ahelf and side of the ship. 

Fiff. 6. — Usual hanging knee of iron, used on the lower deck beams of 

frigates, orlop and quarter deck beams of line-of-battle ships. The section 

is descriptiye of the thickness of the knee at the several parts of it, and 

giyes the poaitions and size of the bolts in each arm of it 

Fiff, 7. — Front view of the up and down arm of the same knee (6g. 6). 

This knee is worked home to the internal planking without the interrention 

of chocks, as in the knee described in fig. 4. By this arrangement the 

length of the bolts is decreased, which reduces the expense of materials 

and the weight of the hull of the ship ; the shrinkage of the chocks is 

avoided, and the work, from these considerations, is stronger and more 

economical. 

^1^. 8. — Iron knee for the security of the upper deck beams of line-of-battle 

ships, of which fig. 12 is the front view of the side arm ; also showing the 

horn or clutch of it to the beam. The bolts are also depicted. The same 

rule is used for the diameter of the bolts as was given for the lower 

deck knees. 

Fig. 9. — Side section of the plate bolt (fig. 5). This gives the thickness of 

the plate iron,, and the position of the bolts. 
Fig. 10. — Horn knee, introduced by Sir Robert Seppings, for the security of 
the lower deck beams of line-of-battle ships. The dowels in the beam 
and shelf are shown in it, and the bolts through the horn and beam. 
^ig* 11. — Section of fig. 10, giving the thickness of the side arm of it, and 
the breadth of the horn which dasps the beam, and the stations of the 
bolts for securing it. 
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BEFERESCeft TO PlATE 8, 
Or a Dticri/ttwn <^ tk4 Elevation and Plan qf a Cotnpreuor or Stopper 
mmd in Her Majetty*t Skips for cheeking ths Ckain Cable nthen running 
owl inmnd iXe Riding SiUt after tke Anchor hat been Ut go. 
Scale, 1 inch to a foot 

Blitaxiov. Fia. (1). 

m, SMtioB of inm pipei formiBg « tnte Ant tli« ctUe to mn thcov^, tb 
liiiki of Um cablt iMing thowii in ifc 

h, A «hoek l«t down thfongh the daftk (e) «i to tho beami, at deoccibed by 
tlMMetioiitil,il. 

9, Diok or phtfom on botmi. 

d, d, Bonmf to noeiTO deck or pUtfonn. 

fp OompreMor of iron or bent leter piroting on tbo bolt /> and wbicb, by 
tbo QM of a taeklo to the end, is made to force of oomprest the chain cable 
against tbo pipe iad beam, and thus inerease the friction on the riding 
bitts and crosf-piooe. The chain cable was fontid under such a fitting to 
force down the eompreftsor and the bolt (J) which led to the introduction 
of the stMp (e) bolted to the beams (d, 4), 

m, GariiAgs of wood let down between the beams (dcQ to foim a bed for 
the iron pipeS| «, 

Fig. a, Plat$ 8. 

S^erencit to the Plan nf ihe Compreetor, tthich Plan is supposed to represent 
the underside <f the 2)eck and Beams, 

a, Pipe or tube for the chain cable, which in men-of-war is governed in diameter, 
hj being in sice | of the diameter of the hawse pipe in the clear. 

d d, Undersides of the beams. 

0, A section of the compressor showing the form of it 

h, Head of the bolt (/ of eleration) on which the compressor roYolyes. 

kg A £m or counterbalancing arm worked in the compressor to assist the 
staple marked e in keeping the compressor in its place. 

i, An iron plate screwed on to the underside of the beas(i« to form a hard 
sur&ee for the &n (A) to work upon. 

$, Strap to support the compressor (g). 

This plan for the compressor, which was introduced into her Majesty's ships 
when iron cables first came into use, owed its invention to Captain Ghas< 
man of the British navy ; the additions, viz., the fen {h) and strap («), 
practice suggested, and, with these improvements, it is preferred to the 
numerous schemes that ^ve been brought forward to effect the same 
end. 
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PART XXIII. 

he Mechanical Power onployed to raise the Anchor.— ^Methods lued for 
uniting the Oabl« with the Capstan. — ^Tfae Fittings of the Capstan should 
be well tested. — Power Capstan attained hy Machineiy not adrisable for 
a Man-of.War. — PUte of Common Capstan, or one on which a Messenger 
is used. — Beferences to the P]ato.>~PIato of Brown's patent Capstan, to 
which the Cable is brought without the intenrention of a liMsenger.— 
B^fereucea to the Plate,— Windlaas. 

DESCRIPTION OF PLATE 10, OF THB CAPSTAN. 

SecUe, \ of an inch to afoot 

The mechanical power employed in ships of war and in the large yessels used 

for commercial purposes, to heare in the cable, and thereby raise the 

anchor, is a modification of the wheel and axle, or of one of the six 

standard machines of mechanical science ; it is technically denominated a 

capstan — one portion of which, called the barrel^ round which the rope is 

wound^ answering to the axle of the mechanical machine ; the other part, 

the head with the bars, being analagons to the wheel of it. To set this 

machine in motion, a moving power (the crew or ship's company) is 

applied to the bars of the Capstan or wheel, and the rope being by this 

means wrapped round the barrel of the capstan or the axle of the machine, 

the weight or cable is raised. The cable itself is not generally attached 

to the barrel of the capstan, but it is connected with it by the interyention 

of a rope or chain called a messenger which does pass round the capstan, 

and is made to unite itself firmly to the cable by what in nautical terms 

<^re styled nippers, as being expfessire of the close connection they cause 

between the cable and the messenger. The messenger before mentioned 

is a rope or chain formed into a long loop, and in length, when of rope, 

BO as to allow of three or four turns of it round the barrel of the capstan 

and then for each part to reach to the hawse holes, the two ends being 

there united to form an endless rope. When a chain messenger is used *, 

the links of the chain messenger are worked over studs placed on the 

capston, as shown by fig. 3, which decreases the length of it by the three 

or four turns round the barrel or axle of the capstan which are required 

when a hempen messenger is used to withstand the strain brought on it, 

Bnd prevent the messenger from slipping round the barrel of the capstan. 

The fitments of the capstan should never be slighted, the efficiency of 

it being essential to the safety of the ship, and its power and facility 

* The links should haye been shown without the stay pinst 

Digitized by OOOQ IC 



136 



BUDUfXHTABY TBBATIBB 

PlaU 10, Fig. 1. 




ON BHIP BUILDING. 
Brown'i P«tent Fittings to Capstan, withont M esieoger. 
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for me ibotdd be IncnMed as mticlt u the liittplleity reqdnd in iH 
imrhtnknl agents for ship use will allow. But the use of mechaDkal coo- 
trivaneeo for increase of power in the capstan, which involTe iron in tltdr 
constmction, should, for nautical purpoees, be adopted with caution, u tbe 
eorroaion which rapidly takes place in that metal, tends to render them ia- 
efficient, while the jerk or surge which will necessarily arise from the power 
used, tbat of men rallying or jerking at the bars of the capstan, cannot bSL 
to break the iron. The complement of men on board a man-of-war, is always 
sufficient^ under ordinary circumstances, to purchase or raise the anchn 
by a capstan of the most simple construction, and thence increase of power, 
or what may be termed the means of dispensing with a number of men, 
is not a consideration ; for it should ever be remembered that no increase 
of power can take place, without a corresponding decrease of velocity in 
the weight raised ; or, that if 40 men were required to raise the anchor 
by the capstan when under the old form-^that of the simple wheel and 
axle, and that by mechanical contrivances being attached to the capstan, 20 
men were enabled to do the same work, then the 20 men would have to 
moTS the improved capstan round twice as £ut as the 40 men moved 
the old capstan round, of otherwise they would be twice as long about 
it 

Rtfermat io Plate 10, qfthe Capstan, p. 186. 

Fifft l.^Blevation of a double capstan or of such as are usually fitted to fri- 
gates and line-of-battle ships of the navy. It shows in perspective the whole 
machine ; in frigates the upper barrel eomes on the quarter deck, the lower 
barrel being on the upper deck, on which the hawse holes also are placed. 
In the line-of-battle ships the lower barrel is On the lower deck and the 
upper barrel on the upper deck or middle deck, according as the ship is 
one with two or three tiers of guns, all fbre and aft of her. 

▲ ▲ ▲, Iron spindle extending from upper point ▲ to the lower point 
marked ▲'. This spindle should be well forged, and should be of the 
best materials, the whole strength of the capstan depending thereon; it 
is also phieed in a turning lathe, by which the cylindrical fonb requisite 
to make it work accurately is ensured. 

B, Hoop and plate on the tenon of the upper barrel, by means of which 
the barrel is united to the spindle A at the upper part. - 

0, A similar plate and hoop for Security of the lower end of the upper 
barrel of the capstan. 

D, Hoop in the partners of the upper deck working in a metal bush or 
socket, thus forimng a support for the spindle A to work in through the 
partners or deck. 
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n, PiH»p panb or pinii to Miittcet th« npp«r and lower sqwlint I and heft 
some explanation it feqnind, whieh if thii : that the spindla a panel 
through the lower capstan without being united to it, or, in other wordi| 
the lowar capstan hai finee play or moyement round it. 
V, Upper connecting plate, which is strongly secured to the spindle A* 
a, Lower connecting plate, which is let firmly into the trundle head H ; in 
r and a correaponding holes are made to reeeive the drop pauls (i). To 
attach the lower oapstan to the upper one, or to the spindle A, the drop 
pauls, X, are let down through the correspondbg holes for their reception 
in the connecting plates v and o, by which the trundle head of the lower 
capstan, and thence the barrel of it, is made one mast with the upper cap- 
stan. This power of connecting and disconnecting the two barrels or 
capstans gives the fiu:ility of using the capstans at one and the same time 
for separate purposes— the one of heaving the cable in, and the other to 
raise the lower yards or the top-masts. 
I; Paul head; teceivifig the pauls or stops to pretent the recoil of the 

capstan. 
B, A paul or shore of iron swivelling on a bolt, which is shown up or in the 

position in which it is placed when not required for use. 
T, The same paul or a similar one, down and in use— the lower end being 

dropped into the paul rim y against a stop formed in it 
V, Paul rim or racket, let down into the lower partners and bolted firmly 
to them ; indeed on the security of this rim the safety of the men at the 
bars mainly depends, and care should be taken in fitting it The plan 
section of the paul rim is described by fig* 8» 
!>» Metal step or socket for the lower end of the spindle a to Work in. 
"i ColUtts or stops on the spindle ▲ ; the upper one is necessary to keep 
the capstan from rising, which it would prevent by its coming in contact 
Wi^ ike tinderside of the partners at 2> ; the lower collar prevents tht 
lower capstan, when uied separately firom the upper, £rom rising by its form- 
^^fi k stop to the upper connecting pkte f, should the lower capstan be 
forced up while in use* 
0, The whelps or ribs of the capstan ; they are formed in a oof ve to give the 
*^e which is required to prevent the turns of the messenger on the 
harrel of the capstan from rising too far up them. 
^» Ohoeks placed between the whelps to steady them* 
^> Holei to receive the bars which work the capstaii ; to secure these bars 
when shipped or in place, holes are bored down through the head of the 
<^p8tan and through the bars, and pins are placed in them, and in addition 
the outer ends of the bars have a rope wound round them to join them all 
together, and the latter is termed swifting the bars. 
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^» 4.— flaotioii of a cipttaii hu, not on mUa. The nmber snd lengtk 
nqured to oodi lato or dam of thip of war ore labjoiiiod : — 

ft. in. 

Fran 10 to 14 gum 8 8 6 

From 10 to 18 „ 10 9 

CorrettoofSOOtonfmeofoniiioDt 10 9 6 

Ship of 28gu]ii 10 10 

M 80to62gan8 12 11 6 

„ 74 gum 14 12 6 

„ 80 „ 14 18 

„ 100 to 110 gum 14 13 6 

„ 120 gum 14 14 



Plan and Section itf a Capttan JUUi hy Brown, qf London,, fn- tketueof 
th€ Chain CabU without the intervention of a Meuenger, vide Seetiom, 
p. 187. 

a. The upper eapitsn fitted at formerly deicribed. 

h, BleTadon of the lower capstan with fittings at the lower part of it formed 
of iron, the ribs, g and ff, in it acting like teeth or sprockets to dasp the 
cable, limilarly to the sprocket-wheel with stnds, as shown, Plate 10, 
fig. 8, of the common capstan, when a messenger is nsed. 

e, Blevation of a friction roller, round which the cable is wound as ahown on 
the pUm, four being used as marked, e, 

d, Of the plan shows the compressor for stoppering the cable. 

A» The cable leading the hawse hole. The method of bringing the cable to 
the capttan may be traced on the plan ; the links shown. in dotted lines 
being those in contact with the ribs (j^g) of the elevation. 

The merits of this plan consist in not requiring the intervention of a mes- 
senger, whereby the hands required for passing the nippers, which unite 
the cable and messenger when a messenger is used, are sayed ; but this 
method makes it necessary that the cable locker, or compartment for the 
reception of the chain cable, should be immediately below the position 
of the capstan ; an arrangement that is not always convenient in a min* 
of-war. 

The windlass used in small vessels is a capstan, with the barrel worked hori- 
lontally, the power being applied by levers, which are shipped or w<»ked 
in holes similar to those in the capstan head. 
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PART XXIV. 

Rudder, iU Action. — Efficient Angle to the Fore and Aft Line of theVeMel. — 
Hound-heftded Badders, when and where first introduced. — Advantagea 
arising from the Use of them. — Round-headed Budder, from its conversion^ 
subject to weakness. — Beferences to Plate 9, — ^Wood-lock of the Budder 
described. — Budder Pendants^ and their Use. — Temporary Buddert in 
Her Majesty's Nayy. 

DESORtPnOM OF PLATE 9, 
Afui i-tferenee to ike teveral portiont ^f a Rudder when, JUUd vtUK a roiciuf 
Mead, w ihoA the part in vhieh the TUlar it fixed is eirctUar ; the Hanginge 
of the Rudder being those introduced into Mer Majesty*s Service under a 
JPatent taken out hy Capt Lehon, of the Royal Navy. 
Thb rudder, it should first be premised, goy ems the moTonents of the 
Bbip — the tillar by which the rudder is moyed on its hinges or pintles being 
forced in ordinary cases the opposite way to which the head of the ship is 
required to be moyed ; this action of the tillar places the rudder itself across 
the line of water passing along the bottom of the ship, and the water, im- 
pinging on the rudder, forces the stem of the yessel, and consequently her 
bow^ to pivot round a centre of motion. Theory has demonstrated that the 
rudder, for efficiency in turning the ship round, should never be forced over 
by the tiUar beyond the angle of 42° from a fore and aft line, and experience 
or practice has confirmed this theoretical result ; and it will be found that, 
in Her Majesty's service, arrangements are made (that will presently be 
pointed out) to prevent the radder being forced over beyond that limit. 
Bound-headed mdders, which with their fittings are now to be described, 
were first introduced into the ships forming the mercantile navy of the Bast 
India Company. The advantage arising from this form of rudder and mode 
of hanging it is this, that the hole through the counter or stem of the ship 
which is called the helm port, is wholly closed up by the head of the rudder 
passing through it, with almost a close joint, as the line of the centre of the 
pintles or hinges is made to pass through the centre of the radder head, 
whereby the round head of the radder becomes a large pintle or hinge working 
in the counter or helm port On the old system of square rudder heads, the 
line of the centre of pintles was the half diameter of the pintle before the fore 
side of the rudder head, and the rudder, necessarily working on the centre of 
the pintles, required that the hole through the counter of the ship for the 
reception of the head of the radder should be made laige enough to allow of 
the radder working over with a radius equivalent to the diameter of the 
rudder head ; the large helm port which was thence formed was found to be* 
the source of leakage in the ship at all times, and, in the event of the loss of 
radder at sea, the large aperture endangered the safety of the vessel. 
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TIm new plaa, or tlie om of the niiiid<heoded nidder^ io not hovever 
wtlboiit objectiooo — as the upper pintle or hinge (vhhoat great prec&utkin is 
VMd in the conrenion of the main piecet of the rudder), when let on or into 
ita place, caU ao ht into the main piece which alao forms the ronnd head, a> 
•erionaly to iojnre the ttiength of it ; and with the long head ahoTe thie 
pintle, which waa in the firtt initanoe nnsopported, the rudder head wu 
wrung off, in some instaneae at or below the upper pintle. This difficulty htf 
been met in practice by the upper part of the rudder head itself b^ng made to 
work in a coUar formed on the deek nearest to when the tiUar works, th« 
haad of the mdder that boconijig the upper pintle,and the one <ni which the 
gvMlest ttiain i« brought whan the ndder ii in action ; the former pintle, 
wbiah ondtr iBeh » provision it then the aeeond, being acted ^ like the 
others below, serres onl/ at an hinge on which the rudder tuni«. 

Smim fm4 U tk$ IV^tw. .FV^. 1, 9, 4, 5, H imdi to a/»el/ 
Pifjf, 8, i <tf on ituh io afooi, 

a. Fig, 8.— Long rudder head made round, or what is termed eirenlar. 

o 6, The whole length of the main piece, shown extending the entire length 
of the rudder ; it is usual in large ships to let the main pieee ran down 
below the second pintle, the lower part being made good by a lengtheiUBg 
piece. The main pieee is usually of oak. 

e, A piece of elm worked as shown, to gire the form of the radder on the 
fore side, and present the main piece (a h) from being injured by the 
letting on the pintles (d). 

s and/, Usually pieces of fir to make up the form of the rudder. 

g. The braces or gudgeons, fixed to the stem post and bottom of the sMp te 
receive the pintles. The pintles and braces-are bolted imd screwed thro«g& 
the arms of them, reapectively to the rudder and post. 

At the lower part of the rudder, or what is termed the heel of it, a sole 
piece is worked, being a piece of plank usually 6 inches thick at tiie endf 
of the pieces, eft, «, and/; should the ship take the ground lightly, this 
sole piece, by acting to the mdder like the fiilse keel to the yeasel, would 
easily come off, and perhaps free the ship from danger. 

The sections of the rudder and post, marked i and h in the plate (fig. 1)/ 
show the angle or bearding taken off from the post and the rudder, to 
allow the mdder to work over each way through an angle of 42*^ before 
the fore side of it will come against the aft side of the main post; 
this is the preventative alluded to in a former paragraph. The other 
sections (flg. 4) are those of the pintles (^) and braces {g) upon a larger 
scale, showing at I and m the crowns of the pintle and brace of one 
set. The intention of the crowns is to ensure the pivots or pinties 
working more truly on each other. 
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k,, ib> -^«. 5 and 6,-^Are eiiliffgod mcU^di of the pin ili»t it fixed m the pintle 
fd, fig. 8), and great e«ze should be taken in letting on the hiacee to the 
'b«»ttom of the ship, and the pintlea to the mdder, that they nuoT ^^^ with 
onnh other aa one joint : a« an efficient and etey way to aeeorapliih thii end, 
±% if inggefted that a long ?od of wood he employed of the fame diameter 
i^s the pintle dwh, and that this rod be seeored up and dowii the etem 
post with its centre in the position that will be finally occupied by the 
eantre of the pintles — ^then eteh braee being threadled on this rod, and let 
on to the bottom from it, will giTO the poeitioni of the biaoes eorrectly, 
■virfcile a line got on the rudder for the eentre of pintles, will be equally at 
eflfectiTe in fizbg the pintles. 

Tbere is also fitted to the rudder what is called a woodlock, which i« a 

■piece of vood placed in a score, cut out of the rudder under the brace which 

reeeiires the pintle that is immediately below the water line of the ship when 

loaded ; this woodlock is made to haye its upper end bearing against the 

under side of the brace, and the lower end against the score in the rodder ; 

by ivhich means, the rudder is prerented from rising or being unhung by 

n alight QoneussioR. The woodlock is usually nailed in itf place. There is 

also usually a bolt in the rudder placed just abore winter in tb« back of it» 

for tie Mention of what are termed rudder chains ; which are motal links 

fior a short distance shackled to the bolt alluded to, the other parts being 

made up of rope pendants, which are fiistened round the stem and led to the 

quarten, where they are firmly secured to bolts driyen to receiTO them; tho 

use of the rudder pendants is, to prerent the loss of the rudder, should it be 

unahipped at sea by any casualty. 

The practice is to fit temporary rudders to Her Hi^esty's ships, but a de- 
aeription of them would be foreign to this work. 



PART XXV, 



lUmarks on the Application of Steam to the l^ropuUion of Ships ; first, 
when used as a Prime Mover ; secondly, when applied as an Auxiliary to 
the Sails. — Description of Plate 11, or references to the Bleyation, Plan, 
and Section of a Paddle-box of a Steam-boat. — Modes of putting the Boat 
into the Water, and taking it out. — Eeferences to Plate 12, or a descrip- 
tive Sketch of the Aperture for the Screw Propeller.— Mode of raising Ihe 
Propeller adverted to. — Danger that would arise from a Vessel propelled 
by the Screw touching the Ground. 

Within the pniod of the last twenty years, a great revolution has taken 
place both in the armed and commercial navies of this country, and perhaps 
the more especially so in the first^the British Kavy. The application of 
steam to the propulsion of ships through the water, has converted the track* 
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l«i tvfiMt tf tW ooMB at it w«« iato enaetPttt nOnadi^ wfacnij tlw 
ftckb Mid iMHrtiiii wladian duMrmed of thdr powcn of delay, by man barii^ 
a powar plaotd in Ua handi^ bj i^iich Im can with caae di^el the UatKoBien 
af the cafaa, or raidflr aaariy aogataiy the adrefae afainii — ^whoi either tend 
ta check the prograca of the TeiaeL It wooM be hr fnm the immwiiatp 
pfarioaa of a radiBMntary work on ifaip hnilding; and moie particokrly go 
la o«e trMtiof on the practice of that art, to atten^ to point ooi the 
riae and pregieia of tteani at applied to the navigation of the aea ; aafliee 
It then to My, that although Dr. Latdner at the early afaige of ita appli- 
aatioQ pranouBced that it waa impOMible for Teaaela to paaa the broad 
harrier of the Atlantic Ocean by the power of steam, the learned doctor 
iirad leof eaoogh, to take advantage of the triumph of man's ingenuity and 
faidomitahle perseverance by personally witnessing the passage to America 
made by steam vessels, as neaiiy certain as to the time of arrival in port 
as that of the nmil coach at the inn on shores and to hear that the world 
had baaa aituaacrihed by the same description of locMnotive madiines. 
The baildiBg of the hall of the steam vessel for war is aocompliahed by the 
same proc es s as that which has been described for the sailing ahips of the 
navy, and the fete and after parts of the one assimilate to that of the other, 
and the same leqairementa are necessary in the internal arrangements of 
bothclassaa of ships lor the accommodation of the officers and crew, the stowage 
of the stores and provisions, and the reception of the equipmenta of a vessel 
deoigned for warlike pvrposes ; but the centre portion of the vessel to be 
propelled by steam diflers essentially from that of the sailing one, and may 
fairly be said to be an addition introduced between what would otherwise, 
when united, form a suling ship ; the engine-room, comprising the compartment 
that is required for boilers, engines, and coal bunkers, being a apace that oaght 
ever to be a blank in the internal capacity that may be considered due to the 
atowage of the ship's stores and equipments ; or, in other words, that the 
body of the steam ship before and abaft the engine-room, ahould constitate 
the perfect man-of-war in all respects of stowage, as the engine-room should 
be looked upon merely as a receptacle for the internal power of locomotion. 

Steam vessels have had two means applied to them for moving them 
through the water. The one of longest date, termed paddle-wheels, is in 
principle of action simikr to that of the railroad carriages of the land — the 
paddle floats of the one acting on the resisting medium of the water, aptly 
bearing comparison with the resisting medium caused by the friction of the 
carriage wheels on the rails of the other. 

The other method of producing motion in a steam vessel is the screw pro- 
peller introduced by Ur. Snuth, and it may with justice be styled a modi- 
fication of the ancient and efiective practice of sculling a boat with an oar; 
a process in the hands of an adept the most saccessidl for obtaining speed 
in her. 
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The relative eapAbilities of tlieie systemi is oerUinly not within the limits 
of the deicriptions that should be given in this work : the outline of the 
propelling actions (with steam as the prime mover) in the two is all, then^ 
that will here be attempted. 

Plate 11. 
Elevation, Plan, and Section of a Faddle-Boz of a Steam Boat, showing thd 
arrangements made by Davits for throwing into the water, or raising from 
it, the Paddle-Boz Boats. 

SusTAiioir. Plait. 
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Mhtrnptfon^'pUkll, iUmatrmHiH •f the PwpMin^ Actum i^Stmm^dm 
Mppiud midfr tU /»m ^ PaddU-WUtU to VttaeU/ a U w Ug olio tk» 
m^rmfmeniB %Mek mrt mmU thai the upper pmH qf ike PaddU-Bom, ar 
C99tr$ to ik€ Paddle- WheeU, wmy he formed by BoaU teamed Paddie-BoM 
Boats, and induding Sedions depicting one qf tke methods by wkkk tkeae 
Boats, vKen rtqnirtd, art placed in the waler or raised from, it. 

The form and actiw of the paddle-wheel of a •teani boat are lo well koowa 
to mott men of oor lea-girt iele, that little is reqaired to be written to point 
ont the principle on which they act Under this impression it only re- 
mains to give to those who hsTe never trayersed the water hj the aid of 
steam, the idea of associating the action of the water or tide mill of the 
inland stream with that of the paddle-wheel of the steam boat In the first, 
the water by flowing against the wheel gives motion to it^ which again by 
machinery communicates the same to the stones that grind the com ; while 
in the second case (the ship), the power of steam within board communicates 
rotatory motion to the paddle-wheeU partly immersed in the water, causing 
a resistance to arise from the water against the floats of ^e wheel that pro- 
daces motion in the TesseL 

Btferenca to tke Plan, Section, and BUvoHon qf the PaddU-Sox qf a Steam 

Vessel, 

a, In the eleTation, denotes the extreme edge or extension of the paddle 
floats or boards, one of which boards are pointed out in the section by the 
corresponding initial letter a, where the sur&oe of them is given. These 
floats vary in thickness, length, and breadth, according to the peculiar 
views of the maker of the engines. Observe that the surfiice they should 
present to the water depends on the relation that the power of the enginei 
bears to the weight and form of the ship. Too large an amount of 
resistance, produced by an excess of surfiice in the paddle floats, would 
produce over work for the engine ; while too little surface could not fiiil 
to allow of the wheel revolving without forcing the vessel ahead ; in other 
words, there is a certain immersion of the float of the wheel, surface of floaty 
and revolutions of paddle-wheel per minute, which will give the maximum 
velocity to the ship. 

h, In the elevation, is descriptive of the size of the end of the paddle shafti 
which is shown on the section extending from the side of the ship to the 
spring beam (c). In these later days of steam power the spring beams (c) 
have bUn dispensed with, the shaft (b) revolving on a chock secured to the 
side of the ship, instead of the outer end being borne on the plummer block 
attached to the spring beam (c). The lines marked o in the section are 
representations of the radii of the wheel to which the paddle floato are 
attached, as shown at a of the same figure. 
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Scale, iqf an. inck to a foot. 
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c. Of elevation, tlie spring beam placed fore and aft or lengtbwayf of the fetfel 
on the ends of the paddle beanu (<Q ; the spring beam snpporti the plummer 
bloek or gudgeon, which receiTcs the outer end of the shaft (b), and fonni 
ils9 a base for the reception of the frame work (e) of elevationi which ii 
part of the bed necessary for the paddle-box boat. 

d, Of elevation, the ends of the paddle beams through the spring b«»mff (c), 
€f Of elevatioui Truss firaming, to form the paddle-boxes, the lower portion 

of which is birthed^ or covered in with boards, the upper part being fgnned 
into gratings or lattice-work for the escape of the air. 

K % 
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/, Of eUration, tcchnkally termed paddle walki, being an extenAon 
of the paddle-boxes, to receive the endi of the paddle-box boats, and the 
under parti forward and aft, marked/, to be arailable for washing hovxa, 
galley, colour or flag lockert, &c. 

A, In all three of the 6gt., is descriptiye of the paddle-box boat. In the 
eSevation it deecribes the boat at being placed with the bottom of her np- 
wardsy fonning the top of the paddle-box. In the plan tke breadth of 
the boat is seen, and the space (i) in which the paddles work ; while in the 
ieetion k shows the boat slang by the darits k and x, as being ready either 
for bring lowered into the water or hoisted on board ; the ropes or fiills are 
denoted by ticked bkck lines. 

t. In the elevation and section, inner davit of paddle-box c^ iron. 

i, In plan and section the outer davit of paddle-box. In the plan, the boot 
is shown laying on it, being in place ; and in the section, the boat hag 
been tamed over and out by the outer davit (k) having been raised by 
means of the crooked arm of the inper davit (i'}. 

I, Of the elevatbn, staniions for man ropes temporarily fixed to the keel of 
the paddle-box boat ; the man ropes forming a safety to the crew while 
passing over the boats. 

«, Both in elevation and plan, illustrative of guard irons to prevent the boat's 
bottom from being forced by accident into the wheels. 

p, In the plan, ladders to affi>rd facility to the crew in ascending the pad- 
dle-box boat. 

r, Of plan and elevation, points out the positions of the fore and after thwarts 
of the paddle-box boats, or the fixed seats for the rowers of them. 
Another plan for a pair of single straight davits has of late years been adopted 

in Her Majesty's service for this evolution ; it is said to be more simple in its 

operation, which is doubtful, but the method is certainly much less expensive 

to fit. 



BEFERENCBS TO PLATE 12. 

The aperture for the propeller is cut in the run of the veisel, or in what is 
termed the after dead wood of the ship. To effect this two stem posts have 
been introduced, the fore one called the body post, or what night 
be with more propriety termed the abutment of the after deadwood, and 
the after one called the rudder post. In fact, a hole or aperture (&) is 
required for the screw or propeller to work in, and the body post, as it is 
named, makes the fore side of such aperture. The shaft (c) runs through 
the body post in a water-tight stuffing box, and the propeller is turned 
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rapidly round in the aperture (b) by meant of a long shaft connected with 
tbe iteam-engtne amidships. 
a. Shows the rudder post or the foundation to which the rudder is hung. 

The other part of the plate shows a frame-work and section of an apparatus 
tbat is fixed for raising the propeller out of water, when the vessel is re- 
quired to make use of her sails, independently of the auxiliary power of 
steam ; there is a trunk formed aboYe the aperture {h) up to the weather 
deck, that the propeller may, when it is requisite, be lifted out of the 
-crater and put on it The apparatus usually fitted will only raise the pro- 
peller out of the water, leaving the other part, that of placing it on the 
deck, to be done by the sailor with tackles. It is much to be doubted 
whether the use of the tackles throughout would not be the most econo- 
mical mode of effecting the operation. 

The screw propeller and its fittings have yet to be tested, under the trial 
of a lee shore and the touch of the heel of the post on a rock — a reference 
to the plate will point out the defenceless state of the after part of the vessel 
under such a misfortune ; but such things as striking abaft have occurred to 
sailing vessels that have escaped with trifling injuries ; shoi\ld the same evil 
overtake the vessel propelled by screw, it is to be feared that the loss of a 
rudder and the plank of the bottom wrenched out by the shaft of the engine, 
would render the same accident fatal to the ship and crew. 



PART XXVI. 



Beferences to Sketch 13, descriptive of some of the Ordnance employed for 
Naval Purposes, and of the Fittings for their Use. — Weight of Powder in 
Shells. — Number of Shells for close Action. — Table of Powder supplied 
for each rate of Ship in Her Majesty's Navy. 

The largest guns that were used on board Her Majesty's ships during the 
last war, if those in Her Majesty's ship Glatton, which carried 68 lb. 
shots, be excepted, did not exceed in length 9 feet 6 inches, and 56 cwt. 
in weight, carrying a shot of 6^ inches in diameter, weighing 82 lbs. 
Guns of that calibre formed the lower tier of armament of line-of-battle 
ships, or of those ships which had two or three ranges of artillery. 
In the present day the guns employed in the sea service have been in- 
creased in weight up to 100 cwt., and in length to 10 feet 6 inches, 
carrying a shot of 10 inches in diameter, and of Si lbs. in weight. 
These have hitherto been employed principally for pivot guns in steam 
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rmmU, Imt tkd pitlMk eflbet tluit rack gnu wliea «Md in tfeesm rmmeh 
woold bftTe on line^f-battle ships in a calm, liaa led to tht eontoBplalod 
introdoctioM of thsoo lai^go guns on tbo poops of sailing ships now Imildli!^; 
doabUy howoTsr, have been entertained wbetber the crews of the steam 
vessel or line-of-batde ship, could efficiently handle such heavy missiles sf 
the shots of sneh gnns, in even moderate weather : and both shot and guns 
would certainly be equally oncootrollaUe in really bad or tempestuooa 
weiUher. 



PoH qf U« Lover Deck, fitted to rtceivt ike common Z2'pounder lon^ Guns 
on common Carriages. 

Weight of gun 56 cwt. 

Length of gun 9 ft. 6 in. 

Weight of carriage 9 cwt. 

n^«*- / Wide, or fore and afi. 3 ft. 6 in. 

^*^'**lDeep 2ft.nin. 

Centre of metal to be from 8 ft to 8 ft. 4 in. abore the deoki 
Height of lower port cill from deck, 2 ft 4 in. 



Fig. 1 Is descfiptiye of the front elevation of the port, with the rdativs 
positions of the several eye bolts and ring bolts required for the manaaTriag 
and fighting of the guns. An eye bolt is a bolt stave of round iroik cut 
off to the length required to go through the side of the ship shown by fig. 2, 
and to have an eye formed in it of 24 times the diameter of the iron used to 
make the bolt Thus, an eye bolt of 1 inch diameter would have an eye in 
the clear of 2^ inches. A ring bolt is the forming a ring in the eye of the 
bolt above described, the diameter of such being in the clear 5 times the 
sise or diameter of the iron of the bolt, or, assuming an inch bolt, it would be 
5 inches. The eye bolts, when used in gunnery, are to nceiTO the hooks of 
the tackles by which the guns are trained or pointed, or run out, and the 
ring bolts receive the breechings of the guns, which are strong ropes led 
round the breech pf the gun to overcome the recoil of it when it is 
fired. 

a a, Fiff, 1. — ^Bye bolts in the shelf of the upper deck, called mnaale lash« 
ing bolts. The muzzle of the gun, or it of fig. 2, in bad weatlier, is 
plaeed against the shelf between them, and strong lashing passed round it, 
and through the eye bolts {a a). Bolts | inch in diameter. 

h, Eye bolts for the train tackles or pulleys, by means of which the gun is 
made to point with its muzzle (k) forward, aft, or amidships. These taekles 
are aUo used to run the gun out after it has been loaded. Bolts | inch 
in diameter. 
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Sketch 13. 
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e, Eye bolta placed between tbe 
porta for extreme training of the 
moszle of the gun as fai forward 
or aft as the side will admit 

d d, Breeching and preventer 
breeching bolts; the first from 
the side of the port receives the 
breeching or rope security (^, fig. 
2), used to Qsstrain therecoil of the 
gun ; the other is called a pre- 
venter bolt, beiog intended as a 
resource in the event of the 
breeching bolt being disabled. 
Iron for bolts from 1^ inch to 
If inch in diameter. 

IHff, 2. — Section of the side of the 
ship^ showing the thickness of 
timber and plank, also deck apd 
beam. The gun and carriage 
are also shown sectionally. 

e, Chamber of the gun, or receptacle 
for the powder. 

/, Trunnion or axle of gun. The 
upper side of /, or trunnion, is 
usually in the line of the centre ' 
of metal or centre line of the gun. 

ff, Breeching, made of the best 

- white rope, secured to the ship's 
side through the bolts (d, d) of 
fig. 1, and passing through the 
breeching ring (g) of fig. 2. 

h, Carriage of wood, weighing 9 cwt. 

t, Wooden wheels to facilitate the 
movements of the guns ; they are 
called trucks, and distinguished 
by being called fore and hinder 
trucks. 

Jk, Muzzle of the gun, or the por- 
tion of the gun at which the 
aperture is made, which receives 
the powder and shot. These 
guns, of 82-pounders calibre, 
have now a portion of the 80 
rounds of shot formerly supplied 
for each gun made up. of filled 
shells of the same diameter as 
the shot, viz., 6 J inches. ^It: 
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Sketch 13. 
/Vy. 2,^JSetdoa of the Port and Gun. 




Shells JUfed with Powder, 
Vii., For two d2-i>oiinder gum (fig. 2), of 56 cwt. in each frigate, iO in 
number : not any shells allowed for 25 cwt. d2-pounder carronades. 
Quantiiff qf Powder regntred far jUling NavaX Shells. 

lbs. oz. 



Shells, 10 inches in diameter . .58 


99 


8 


n » .►24 


ff 


56 


pounders . . . . 1 12 


W 


82 


„ . . ..10 




Shells additional for close action. 


Rate of Ship 






Ifit . 




. 800 > 




2nd 




. 200 




8rd . 




. 200 


6-inch shells for 32-pounder 


4th . 




. 120 


[ guns. 


5th . 




. 100 




6th . 




. 70 J 





Shot supplied for each B2-pounder Oun of 56 cwt 
For the guns to which shells are supplied, 40 round shot to each gun. 
For each of the other guns of the same calibre, 80 No. 
Sloops armed with 24-pounders^ 70 to each gim. 

JFVi/. 3. — The front elevation of a quarter deck or forecastle port for the use 
of a short gun, called a carronade— the name given to them from this 
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Fig, 4.— Section of the Port and Ourronade. 
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Bpecies of guns having been suggeited at and cast by the iron foundry at 
Carron. Length of gnn, 5 feet 6 inches; weight of gun, 25cwt. ; weight 
of carriage and slide, 5 cwt; height of cill from deck, 1 foot 10 inches. 

a. Train tackle eye bolts. 

h b, Breeching bolts as described for the long gnns. 

c, Eye bolts for extreme training of the guns, | inch in diameter. 

JYy. 4. — Elevation of the side of the ship and gun on the carriage. Weight 
of the carronade, 25 cwt. 

d, Trunnion of the carronade or axle of motion for depression or elevation. 

e, Breeching or rope to restrain the recoil. 

/, Carriage of the carronade designed by the late Sir Thos. Hardy, being a 
carriage for the gun, with an inner leg (i), travelling over a slide (k) 
which slide is pivoted to the plate (l), securely bolted to the side of the 
ship ; the carriage (/) is to constructed as to admit of its being squeezed or 
compressed down on the slide (k), which produces a friction that takes 
off part of the recoil of the carronade from the breeching («). 

g. Muzzle of the carronade to receive the powder and shot. 

m, Inner wood chock to slide (k), to keep it the required height rom the deck. 

o, Outer wood chock to slide, for the same purpose. 

Rounds tuppUed of filled Cartridges for each Can-onade of 25 ctci. 



Full. 
60 No. 
Charges of powder . . 4 lbs. oz. 
1^0. in each powder case 2$ 



Reduced. 

80 No. 

2 lbs. 8 oz. 

40 
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Itt rate of 120 


636 


40 
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83 





ponnders. 


Ut „ 100 617 


43 
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82 





Qnns of 56 cwt. 


2Qd ,, 92 558 


42 


2 


29 





Rounds supplied per 


2nd „ 80 475 


88 
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25 





gun of filled csrt- 


3rd „ 72l 861 


83 
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19 





ridges. 


4th „ 50| 312 


24 
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16 





Distant, Fan,Redoccd, 
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10 
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PART XXVII. 

Uidthip Section as linearly described in Plate 2. — References to the aeTenI 
Portions of it, as pointing out the relatiTe Positions, by Sections, of tho 
Timbers. — Planking, inside and out^Beams and Decks. — Method em- 
ployed if required to take off Ship when built — References to Plate 4, 
as descriptive of the Methods which have been adopted in putting Besmi 
together when they are composed of more than one piece. — Beferenees to 
a Sketch of the Deadwood of a large Frigate. — Method of making Floon 
in the rising Portion of the Ship's Frame. — Expansion of a common Fnuoe 
of Timbers, and one composed of Ipng and shorVarmed Floors. 

Thx delineated midship section of the draughtsman is a linear drawing, de- 
scriptive of the shape of the ressel both externally and internally, at the 
centre athwartship section of her ; and on it is shown the Tiew that would be 
presented to the eye of an observer, were a ship when built cut into two 
portions at the middle of her length. In the ship under such a division, 
the form of the timbers of the frame wonld be wholly and fully developed, 
or at least the moulded or shaped surfeces of them ; but the sectional 
areas, or breadth and thickness, of each of the several strakes of pla&k, oom- 
posing what are termed wales, diminishing pl»nk, Ac, wouWonl^ bd ohwrvabl?, 



vGooqIc 



Oir SHIP BUILDIKO. 155 

:* ±m tree, howtvtr, tkat theM would «ach be Men at their rektiTe heights 
■ro^xxm the keel of the yewel, apd at their rebnire breadths from the middle 
3^0 of her ; and thence on the dmoghteman't fiaper will be found, on icale, a 
oaiv^iatnre pieture of that portion of the toimI, and the relatiye heighto and 
fc>g oj M l thg of the MTeral sections of the ship's walei, diminishing planks, Ac, 
k>^ depicted on it with great accuracy. 

On this plate is also given the disposition, or shift of butts, or ends of the 

-fcisnben eomposing the frames, in the midship part of the ship—being a longi- 

-fc^^&^inal view of the internal arrangemenU amidships of the frame or ribs of her. 

O^lxia view is a projection of the form of the Tessel as to height, but dcKriptiTe 

oC the length of that portion of her to a scale of measurement. This will be 

lyetter understood by tracing the 4 floor head of the section marked r h, to the 

^ Boor head of the disposition of the framu. In the section the whole length 

sund form of sui&ce of the | floor is shown ; while, in the disposition, the 

same extent of timber is represented by the projected height of the floor head 

alH>Tu the lower edge of the rabbet of the keel of the ship : the same will be 

correct for the relatiye positions in height of every other point in these pictures 

of part of a naval construction. 

Jt^erHcet to the Midship Section, Plate 2. 

A, The thickness of the several decks or platforms: vide Scheme of' 
Scantlings. 

In small vessels the decks are named as follows : — Upper deck, lower deck, 
plflitforms. In a ship carrying 74 guns, or one of two decks, where the 
guns range fore and aft the vessel — poop, quarter-deck, waist and fore- 
castle, main deck, lower deck, orlop, platforms. 

-B, The beams phieed across the ship to receive the platforms or decks. 

o. Waterways to receive the decks and secure down the ends of the 
beams (b). 

j>. Shelf pieces at the several decks (a), to receive the ends of the beams 
(b), and form part of the security of the beams to the side of the ship. 

K, Iron knees, to further connect the beam (b) to the sides of the ship, and 
thereby to unite the two sides of her firmly together. These knees, under 
this view of the carpentry of a ship, may be considered as an increase in 
the breadth of the shelf (n), the required sise of iron being much less 
cumbersome than the wood of equal strength would be ; the dotted lines 
through the side, and up and down to each of the knees B, are descriptive 
of the position of the bolts in the knees which form their security to the 
beam and side of the ship. 

T, Thick strakes of planks worked over the heads of the floor timbers and 
the heads of the Ist futtocks, to prevent the heads and heels of these tim^ 
l^rs of tlie frame from being foreed In. Jhey are bolted or united to the 
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tialMn tnd ontfide phnking by the thoimigh tuUmag of the bottom 
pbak. 

«, Limber itnkei^ to ibrm o gutter laoding to tbo pmnp woU on each side 
oC tho keelson (h), tbst the w»ter from leakoge nay, by draiuing down 
to it, pMS freely thnmgh it to the pomps, which are placed in tlie imme- 
diate Ticinity o£ the main mast. 

The limber boards are shown by this section with one end on the keelson (h) 
and the other on tho Umber strike (o) ; these boards form a corering to the 
limbers, to keep them from being choked with dirt Sometimes the 
limben are corered by iron castings forming part of the ballast required 
in the ship. 

m. Keelson, or internal keel, to confine, in conjunction with the keel (k), the 
floors of the frame of the ship in their places ; the keelson bolts which 
pan through keelson, floor, and keel, are in a Ist-rate, or 120-gun ship, 
14 inch in diameter. 

I, KlUngs between the timbers of the frame, being less than the monlding 
of the timbers by the distance the dotted line is below the full line of the 
section of the timbers, forming a watercourse to the limbers. 

X, Section of the keel showing the rabbet for the reception of the plank of 
the bottom. 

L, Section of the false keel used to give depth of immersion to the ressel, and 
which, by its being slightly secured to the main keel, admits of being easily 
remoTcd by a blow should the ship strike the ground. 

X, The rough tree rail forming the upper boundary of the timbers of the 
frame, as well as of the exterior and interior planking. 

y, Wales or thickest planking used exteriorly. 

o. Iron riders, shown in the disposition of the frame. The thickness and 
breadth of them used in the several rates of ships are given in the scheme 
of scantlings ; they are sometimes let into the timbers of the frame their 
whole thickness, at other times half the thickness ; and the system has 
been adopted by some practical builders of bringing them to the timbers 
without letting them in at all. The question hinges on this : Which is the 
best for the strength of the ship — ^to score into the timbers only ; to score or 
notch into the timbers and internal planking equally; or to take the whole 
scoring out of the internal planking? 

p. The bearers of the boilers of a steam vessel placed on this section from 
want of space in this small work. They are worked the length of the 
engine-room and 10 feet beyond at each end ; they receive the boilers or 
large kettles and the engines, and form to the steam vessel the sister 
keelsons of sailing ships. 

T, Of the disposition, shows the openings between the timbers of the frame 
marked by the shaded lines. These openings, as before remarked, should 
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be equalized all the way up the firame to the highest point at the rough 
tre« rail (x) ; the dotted lines show the height of decks. 
The sections of the thickness and hreadth of each portion of the wales, 
diinioishing plank, and pUink of the bottom, are shown by the shading lin^ 
in the section. 



A SHOBT STATEMENT DESCBIPTIVE OF THE METHOD USED IN 
TAKING THE FORM OF A SHIP, WHEN BUILT. 

The eircnmstance of many ships during the last war being captured from 
the enemy, of whose form no draught or drawing was in the possession of 
the captors, and their good sailing qualities being such as to make them a de- 
sirable guide for Bnglish naval construction, it was the practice to have such 
vessels placed in a dry dock (Plate to Dock), and their forms taken off by 
a draughtsman, and a drawing upon the usual scale made of them. The 
outline of the method pursued is shown, attached to the midship section of 
Plate 2 ; and, as the process for one section would nearly carry the novice 
through the whole operation, the description of the one section being taken 
must suffice. 

A base board (q), or board having the numeral feet marked on it, is placed 
against the side of the keel (k), this base board, q of the figure, being set 
by s spiri^level to the horizon, and square to the keel by a large square, 
placedrwith one of its arms against the side of the keel, and the base board 
Q, being kept to the other. Another board (r q) is then fixed perpendicularly 
to this, as shown in the section, having also the graduated scale of feet 
marked on it. The distances at every 2 feet from these standards of mea- 
surement are then taken on the plumb or perpendicular, and the level or 
horizontal (as shown on the figure by the dotted lines) to where they meet 
the body of the ship or the wales, diminishing plank, bottom, &c. ; these 
distances are registered in feet and inches, and set off on paper to the scale 
chosen for the drawing, when the form of the section cannot fail to be 
accurately depicted. 

The perpendiculars, marked P in the section, form the boundary lines of 
the greatest transverse section or midship section, and thence inclose 
all other sections taken under the same system. It is a tedious operation, 
but it was thought necessary at one period to do it for every new vessel 
in Her Majesty's service, after being coppered, that her form might be the 
more accurately obtained for ascertaining her light displacement or weight 
of hull ; but surely the drawing by which the vessel was built could not, 
in the government service, be so much deviated from in building, as to make 
this operation necessary for detecting what would be, at the utmost, the im- 
mersion of one inch, and thence the custom has fallen into disuse, as a form 
of o^^e to b^ iQore honoured in the breach than in the observance. 
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BEFEBEKCES TO PLATE 4 OF BEAMS. 
!Fhe beams should, where practicable, be in one length, to ayoid th« expeose 
of workmanship, and to insure strength. In laige ships they cftnnot be 
olrtained in one, and henee necestit j suggested the anangementi deacribed in 
the plate. 

JFVff. 1. — ^The beam a« nsually pnt together, when the store «f timber will 

allow of its being provided in two pieces ; it is then teehnieaUy termed a 

two-piece beam. The dowels employed to connect the scarph are marked 

thus (o), the bolts (*) ; and of the two yiews shown of the beam, the 

upper xme is a side one, or moulded, and the lower the sided, and shows 

the scarph or overlap of the two pieces, as seen on the upper part of the 

beam ; the scarph is usually ird the whole length of the beam. 

Ififf, 2. — In large ships, to obtain the beams, recourse is had to forming the 

beams of three pieces, of which iig. 2 is a descriptive drawing. The bolts 

and dowels are shown as described for fig. 1, and the seaiph is usually 

^th the length of the beam. 

fi^» 8.<^Descriptive of the moulded and sided views of a beam on the plan 

snggested by Mr. William Edye, Master Shipwright of Devonport Yard ; 

it is a modification of the key scarph of the joiner of very ancient date. 

The iron keys, which are shown in the sided way by the square D, are 

tapered to form wedges. The lips of the scarphs, or the extreme ends 

of each overlapping part, are shown wrong in the figure ; they should have 

been drawn square to the moulded edge of the be^m. This beam ia 

secured in its scarph by bolts marked (*), and the tree nails marked X • 

The scarphs of Mr. Edye's beams run in lengths from 8 feet te S ieei 

6 inches in the beams of a line-of-battle ship. 

JF'tff. 4. — A modification of Mr. Bdye's beam, having only one key to it. 

This method of scarphing was introduced by the Committee of Beferences 

instituted by the Admiralty in 1846. 

J^iff. 5.— A beam suggested by Mr. hang; it is bolted and coaked in a 

similar manner to that described for fig. 1 : the lip being let in with |^ 

flovetail 7 is the characteristic of this phin. 



Meferencet to the SiOek of a Skqft of Ikadwod fbr A$ After Body 
of a large Frigate. 
Fig- 1 Is a drawing made by the draughtsman, to show the relative 
positions of the masts of the ship, the scarphs of the keel, those of the 
keelson, and the distance to which the floors or lower timbers that cross 
the keel are extended (see description of Cant Bodies) from the midship 
nart of the vessel each way. 

Digitized by CjOOQ IC 



ItiO budimektIby tbeatibe 

a, Scarpbs of the keel; the anmber of tbe icarphs, or the lengths of the 
•everml pieoei the keel is compoeed of, being determined by the store of 
timber. 

h, Sesrphs of the keelfon, which should come betveen those of the keel 
and bsTO two bolts pssiing through them (ride deeoription of tbe Kecisea). 

e, After equsre floor, shaft which the lower timbers of the thane, or tiio«e 
cslled the double and lower luttocks of the csnt body, take their heeling 
or abatment against the deadwood (cf) ; some practical builders employ 
cant floors, but the diflienlty which is found in obtaining the after square 
floorsy will deter the economical shipwright from attempting a combination 
that yields but little probable advantage, at great and poeitiTO expense. 

d, Deadwood, to form the fine after-portion of the ship's body, and senre 
as a foundation to fix the heels of the after timbers of the fiame against. It 
should never be conyerted from over-grown timber, which would be 
liable to esrly decay, from the diflienlty in removing it for repair. 

he, Is descriptive of the overlap of the after piece of keelson {b) over the dead- 
wood ((Q, by which means, when the keelson bolts are driven, which pass 
through keelson, deadwood, and keel, the after deadwood is connected 
thereby with the floors of the ship, and the joint at e, or where 
the deadwood comes against the aft side of tbe floor (c), is succoured. 

$, Inner post of the ship into which the after ends of the deadwood (d) 
are tenoned. 

/, Main post of the ship. 

y. Stations of the sheer drawing of the ship, or the room and space for the 
timbers in her. 

t, Stemson, or a knee to connect the after end of the deadwood (<2) with 
the inner («) and main posts (d) of the ship, large bolts being driven 
through them in a fore and aft direction. 

Fig* 2. — A section on an enlarged scale descriptive of the method adopted 
when the Y like form of the ship foreward and aft causes the floor timbers 
which cross the keel not easily to be obtained. 

/, Shows the short chock crossing the keel with scarphs to receive the heeU 
of the 1st fnttocks, as depicted by the dotted lines of the fig. ; the 
dowels are also delineated that connect the chock to the half floor of the 
frame. The loose tie which is shown by this method, bat which 
necessity renders imperative when the floors are carried aft or forward 
beyond a certain limit, wUl illustrate what was adverted to in the de* 
scription of fig. 1 of this woodcut. 

a. Lower false keeL 

b. Upper false keel. 

e, Main keel. 

€l, Eising wood, to form the body and receive the scoring of the floor j the 
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convenion of the floors is rendered easier if the throating of them is di- 
luinished by increasing the rising wood (d). 

e. Thick garboard strakes rabbeted over each other to make the leam fur 

caulking (m n) the same as the thickness of the bottom plank. 
y. Floor or chock. 

g. Half floor buttbg at the middle line of the ship. 

K, Keelson or inner keel of the ship, forming with the keel (c) the fore and 
aft connection of the floors (/). 

Ic, Limber boards. 

l^ liimber strakes* 

Of Xiimber or passage for the water to the pumps. 

JF*ig. 8. — An expansion of two consecutive frames of the ship, when the 
common system of floor and 1st fnttocks meeting at the middle line of the 
ship is conjoined with an alternate frame composed of long and short 
armed timbers crossing the keel, or where on one side, the timber crosses 
the keel to the floor sirmark marked f s, and the other end of the same tim« 
bers lengthens to the first sirmark of the common frame marked 1 8, or 
the heads and heels of each alternate frame of the ship are by this 
arrangement brought in a line with the sirmarks of the common shift of 
timber, which makes three timbers between ench head and heel or joint, 
but a very short shift or scarph. The plan has been pointed out under the 
head of Framing the Ship. 



PART XXVIII. 



Description of the Method employed to remove Slack Ropes in the Tillar of 
Her Majesty's Ship North Star. — References to the Elevation and Plan of 
the Sketch, describing the Method of reaving and fixing the Tillar Ropes. — 
Bye Bolts for relieving Tackles ; where placed. 

Refsaeitoes to the Eleyation of the Sketch. 
iL, Section of the head of the rudder with the tillar inserted in it. 
B, TilUr of wood. Formerly all tillars were made of wood, and they were 

of greater length than now. 
o. Steering wheel, composed of a barrel and spokes inserted into the ends of 

it, the outer ends of such spokes forming handles for the man stationed 

at the helm to take hold of in steering the ship. 
p. Wheel stanchions or supporters of the axles on which the wheel (c) 

travels. 
E, Extreme end of the spoke of the wheel (o), being the place where the 

helmsman places his hands to steer.. 
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Tillfir r«pei wovnd round th« liarrel of the steering wheel (o). The 

-vrlieel thence becomes the mechanical power denominated the wheel and 

axle, the spokes of it being the wheel of that power, and the barrel of it 

the axle. 

The diameter of the barrel of the steering wheel is determined hj the 
sngth of tillar rope which is required to be taken np in forcing the tillar 
ver to the greatest angle, or in nautical terms patting the helm hard down, 
rhich angle for efficiency is considered in the Queen's serriee to be that 
f 42 degrees, from the fore and aft line of the ressel, out of the quadrant or 
>0 degrees. This is required on each |}de of the midship position of the 
illar, and thence the quantity of tillar rope on the barrel of the steering 
^heel, when the helm or tillar is amidships, mnst be double that quantity. 
Ml half of it has to be unwound from it at either end, and added at the other 
iceording as the helm is put starboard or port, to the right hand or the left, 
BO that the same number of turns of tillar rope are always on the barre 
of the wheel ; and when the helm is hard down either way, the whole 
number of turns are before or abaft the centre of the rope wound on the 
barrel in the midahip position of the tillar. The number of turns of rope 
on the barrel of the steering wheels of the ships of the navy is five or 
seven ; the odd number being requisite, that the centre of the tillar rope 
wound on the barrel of the wheel, when the helm is amidships, may be 

on the npper sarfitee of the barrel, to which it is firmly secured, to preyent 

the tillar rope slipping round it. 

o. Position of a block in the deck of the vessel, confining the tillar rope (f) 
on each side of the barrel of the steering wheel, 

EeTEJIBNOBS to THE FlAN 07 THS SKETCH. 

A, Endderhead. 

A B, Length of tilhur. 

o, Barrel of steering wheel. 

n n, Seetions of the stantions of ihe wheel of elevation. 

o> Position of blocks in the deck, to confine the tillar rope (f) to the diameter of 
the barrel of the steering wheel. 

F, Tillar ropes wound round the barrel of the wheel as shown on the eleva- 
tion. The ends, after being so wound, are led first through the block (g) ; 
from thence through the block (i) at the side to a block (h) on either 
side of the end of the tillar (a b) ; from whence the end is led to the eye 
bolt (h), where It is drawn taut in and secured. The positions of the 
eye bolt (*) and block (i) to prevent slack rope, were determined on 
each side by the following process : — the tillar (a b of the plan) was 
put through an angle of 42 degrees each side of the fbre and aft 
position shown on the sketch, and the portion of the circle thence 
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datcribed hj tli« end (b) of the tiUar was marked on the deck ; the tilbr 
was then restored to the lore and aft position as in the sketch, and |rd o 
the length of it, as denoted by the dotted line, was set off fnm tbe 
fore end of the tillar, and squared across the ship, giving the points 
narked k in the pkn for the standing part or end of the tlllar ropei, 
and <^th of A B was set before the end (b) of the tiUar, and sqnaied 
across the deck to meet the sides of the ship in the opposite points (i), 
to which blocks were fixed ; and on the tillar rope being roye through 
theie, in the manner before described, it was foond that the tillar npe 
(r) was at eqval stretch in eTerr position of the tillar. When great 
accuracy is required^ the points i and i should be relatively placed so 
that I in athwartship breadth may exceed i by ^th o{ k; or that 
the distance 1 1 is |th times that of t i. 

h, Bye bolts placed on the tillar to receive the hooks of purchases or tackles 
called relieving tackles, by which the vessel is steered in the event of a 
casualty occuring to the tillar. 

The tillar ropes of the na^*y are mode of twisted hide. 



PART XXTX. 

Beferencet to the Sketches of the Head and Stem of a Frigate. — Outline of 
the Terms used to distinguish the several Portions of them* 

Thx sketch is descriptive of the component parts, or of the external fittings 
which form the head of a frigate. They are considered essential to the ship, 
either as forming a portion of the required arrangements for the efficiency of 
the movements of her, or to be necessary to complete the outward appearance 
of the ship. The finish given to the extremities of the ship, or to the head 
and stem (being an appeal to the taste and judgment of the observer 
through the medium of the eye), the naval architect should, in a great degree^ 
regulate by that organ, as the best means of producing the desired effect— 
that of giving a light and graceful appearance to that part of the hull of the 
ship which is above the seat of water or line of immersion at which the vessel 
swims. 

BeFSREKOES to THB SsETCH OF THE HeAB. 

Fi(^, 1. 

A, Berthing rail, forming the safety or guard to the men when they are out in 
the head, the flat or platform of which is on a level with the main rail (b). 

B, Main rail, to fashion out the head, and to afford an inclosed space fi>r 
accommodation to the crew. 

0, Middle or small rail, introduced for the exterior appearance of the ship. 
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D, The after part of this fitting, with a portion of it 6 or 8 feet on the knee of 
the head^ is called the upper cheek, and forms, by being bolted to the bows 
of the ship and to the knee of the head, a species of wooden knee to support 
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tiM latter. The dkar aim •£ tyt kaM U iliowii in pnjeetion in the figure 
or pictart of tho bow of tlio ship; bat on the knee of the heniU 
deeeribet the fonn and length of it The moulding or breadth is usnall j iX 
the throat of it, 2 \ timet the depth of the cheek. The fore part of j> ia caBed 
an ''eking,** the eztrrme end of it, thown by a acroll on the figaTe, bcsog 
termed a "hair bracket;** and thia hair-bracket shoold, for nymmetzy of 
appcaranee, be placed rather below the shonlder of the figure-head. 

1^ Lower cheek, a wooden knee, aa described for the upper cheek, and bolted 
alto to the bowi of the ship and knee of the head. The bolts in the knee 
of the head arms of these cheeks pass through similar knees on the rererse 
aide of the knee of the head. 

f, Bolsters of wood placed between the arms of the cheeks (d and x) that 
come against the bows of the ship. These bolsters are worked to form 
beds for the iron hawte pipes (i), which are put through the sidea of the 
ship to form holes for the cables to run out of. The bolsters should slightlj 
project oyer the moulding way or breadth of the cheeks, to form a pro- 
tection to them. They are bolted to the side of the ship independent!/ 
«f the bolts which secure the hawse pipes (i). Immediately for- 
m-ard of the bolsters, a piece of wood termed a comer chock is 
nsnally worked, the intention of it being that the fore ends of the planks, 
called wood ends, may, by the removal of it, be caulked without disturbing 
or taking out the hawse pipes, or taking down the bolsters^ an operation 
attended with expense and loss of time. 

The fillings between the cheeks on the knee of the head are of fir, and are 
intended solely for the better appearance of the ship, under which yiew of 
their utility they have been in many instances dispensed with. 

$, Timbers of the head, to support the middle and main rails. For a light 
and airy appearance, the after one is placed to the rake or inclination of the 
stem; the next with 1^ inches more rake; and the foremost one with 1^ 
inches more rake than that, or with 8 inches more rake to it than the one 
at the stem. 

There is a thin birthing of board placed between A and b; and oyer a what 
is termed a wash board is sometimes used, while this is much oftener sup- 
plied by an iron rod, termed an iron horse, to which painted canvas if 
affixed. 

V, Cathead, to raise the anchor firom the water's edge. 

X, Supporter or knee to h, bolted firmly to the side of the ship and to the 
cathead. The use of it is expressed by the name given to it, that of a 
support to the cathead. 

ir. Anchor hanging to the cathead, or what the sailors termed <ock4»illed< 

w, Anehor stowed on the bill board. 

Angular pieces of fir, caUed wash boardS; are placed ondar &• lowtf cheeks 
and ekings. 
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Fig. 2 (Afidwr in parU), 
Slsackle to vhicb the cable is miited. 
Slmank of the anchor. 
CJx-own of the anchor. 
IPstlm of the anchor. 
^ea of the anchor. 



SKETCH OF TU£ 8TEBN OF A FBIOATE. 
n?lie taste of the practical man ivill be tested in the fittings of the stem of 
tie sbip, in the same ratio as for those employed for the embellishment of the 
ceAd of her, with this additional difBcultj to overcome in the former — that 
>£ liaving to please the eye under the changes in point of view, which take 
>lsLce while the sight is carrying round curves from the sloping or raking sur- 
rsLC« prevented by the right aft stem, to the perpendicular plane forming the 
fore and aft plane or topsides of the ship. 

Bbfkiixhces so thb FiauKB, p. 168. 

A, TalTraU. 

B, Boimdary rail, or moulding to form part of the decoration to the item, 
c. Cove rail. 

i>. Heading to lights or windows, marked r. 

T, Windows fifttmed as in the houses on shore, having cills to them temied 
-water tables. They are himg in sashes, upper and lower, with weights, 
and the shutters fitted to them are called dead-lights, a name that has con- 
jured up the fears of many a landsman. 

H, Upper counter rail. ) These are brought on against the timbers of the 

a. Lower counter rail, ) firame, and form plank and projecting moulding. 

B, Quarter pieces, allowing accommodation to the captain outside the ship. 

K, Lower finishing, wholly for appeamnce. 

L, The plank of the bottom, or buttock plank, housed under the lower counter 
rail (a). This plank should be worked without the use of an edge set to 
prevent its being crippled. 

•M M, Life buoy, fitted over the stem. 

K, Hunion, to fashion out the window and inclose the grooves for the sash- 
weights. 
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PART XXX. 



A short Description of the Proceu uied to make the Seamf of the Planks of 
a Vessel imperrions to Water. — Terms of some of the Tools used for that 
purpose. — Scale of the Width of Seams according to Thickness.— Seams 
of Decks sometimes payed with Jeffery'a Marine Glue. — Copper Sheathing 
employed on the immened Portions of the Ships of the Navy formerly 
payed with Pitch and Tar.—Weight of Copper Sheathing to each super- 
ficial Foot. — Concluding Kemarks. 

The joints of the external planking, or what are mechanicallj 
termed the seams of the planks, reqaire to he made imper- 
vious to the water, that the ship maj swim, which is effected hj 
forcing into them, hy means of sharp iron wedges called caulk- 
ing irons, spun threads or layers of oakum, formed hy taking 
to pieces, in the Queen's service, the unserviceable ropes and 
cables, after such have been cut up into short lengths, termed 
"junk.'' The seams of the planking, when they are under the 
standard width for the several thicknesses of it, are opened 
to that required, by sharp and large iron wedges called 
reaming irons being driven into them by a heavy mallet, 
^hich in the trade is styled a beetle ; and in this operation 
t*ie skill of the caulker is dmwn out, and the work of the 
shipwrights tried. The opening of the seams by such a pow- 
erful set, or mechanical force, as that formed by a range of 
y^dges of such acute or small angles being acted upon by the 
impetus given to them, from the smart and forcible blow of 
t^he heavy mallet or beetle, must close the seams above and 
below the one that is wished to be increased, and thence 
"^og a strain on the fastenings of both planks : the 
caulker should therefore be careful to first caulk those seams 
^hich are under the standard width, and which are situated 
above or below seams that may be over the same width ; and 
the shipwright should be in attendance, that, should the 
planking be forced off from the bottom by the operation of 
yeeming — which it will be, especially where the seams or 
jomts do not stand square to the timbers — ^he may put in 
additional fastenings before the caulking is finally proceeded 

I 
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with. The stipalatad namber of threads of oakom haying 
been forced into the seams bj the mallet and iron of the 
caulker, the whole b the more firmly bedded and united, 
and buried within the edges of the planks by the work being 
what the trade call " horsed op," an operation that requires 
two caulkers, the one holding by means of a handle the 
ineeking or making iron to the seam which has been caulked, 
while the other drives on it with the full swing or blow of 
the beeUe. After this process, melted pitch is payed bj 
the means of small mops over the thus forced-up oakum; 
and flnallyi as high up the bottom of the ship as the copper 
sheathing will come, a thread of spun yam is laid in to 
make the seam flush or level with the planking, that the 
copper sheathing hereafter to be described may be laid 
smoother on it The bottom of the vessel is also payed up 
or covered over by the caulker as high as where the copper 
sheathing is placed, with a mixture of pitch and tar« The 
decks of a ship are caulked in a similar manner with oakum ; 
but the weather decks are payed with Jeffery's marine g\ue 
instead of pitch. 

Scale qf the Width of Seam according to the Thicknett qf Walex, BoHon 
Plank, and Deckt, vnth the Standard Number of Threads of Oahm to 
he placed in each* 

A scale for the width of the seam, according to the thick- 
ness of the plank, is formed practically by opening a 2foot 
rule to the angle produced by gtbs of an inch at the extreme 
inner edges of the 12-inch arms of it. 

yumher qf Threads of Oakum to he worked into the Seams qf tht Waktt 
Diminishing Plank and Bottom^ 

No. of threads. 

2 

. . .4 

6 

6 

7 

9 

. • .10 
...... 11 

• • • . « 18 
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Dtdki. 
Thiekncti. Na ef thiMda. 

2 inches 2 smalL 

8 « a « 

« »i • . » . • t 3 1^ 
^ » * w 

The caulking always tends to stiffen the fabrio of a ship, 
ELnd it has thence been sometimes the practice not to caulk 
tlie internal planking until the ship has had several years* 
service at sea, when the caulking of it has been supposed to 
be the means of adding strength to the racked or strained 
fastenings of her. « 



COPPEB SHEATHIKa OM THE POTTOU OF SHIPS. 

Up to the latter end of the last century it was the practice, 
in the navy of this country, that the immersed portions of the 
ships should be, as most of the ships of the mercantile navy 
are to this day, alone covered with a thick coating of pitch 
and tar. The quick growth of marine vegetable matter on 
the bottoms of Her Majesty's ships, which impeded their way 
through the water, when thus protected but partially from the 
destructive ravages of the sea-worm, added to the expense 
and delay which arose from the necessity of frequently having 
to dock the ships to bream them, or place lighted reeds under 
the bottoms of them,wheti in dock, to remove such vegetation; 
and that when on foreign stations, where this practice could 
not be followed up, and the sailing of the vessels Was, from 
the foulness of the external planking under water, in some 
measure lost, led to the introduction of a thin coating of copper, 
called copper sheathing, being placed over the whole intended 
immersed portio'n of the bottom ; and to the extent of 1 8 inches 
above that line of immersion. This coating is formed of sheets 
of copper in lengths of 4 feet and 14 inches breadth, the lower 
edges of the upper sheets lapping over the upper edges of 
those below them, and the after end of each sheet lapping 
over the fore end of the one immediately following it : the 
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thickDessM of the sevenl descriptions of copper sbealhing 
used in Her Majesty's navy are sach as to make each superficial 
foot in extent of the several respective weights of 32 oz., 
28 oz., 18 oz., and 16 oz., and under these deaominations 
thej are known in the trade. The 82 oz. copper sheathing, 
which is the thickest, is used all round the ship at the height 
of the load-water line for foar strakes or sheets down, and 
on the fore part of her, on the hows down to tiie keel. The 
practice is to have, of the whole numher of sheets of copper 
sheathing required to cover the surface of the bottom of the 
ship, ird of 32 oz. and the remaining frds of 28 oz., expend- 
ing the residue of the 82 oz. copper sheathing, after working 
four strakes all round her, on the bows of the ship. The 
18 and 16 oz. sheathing copper is usually placed between the 
main and false keels, to protect the former from the worn 
should the latter be forced off. 

A species of metal, or a combination of metals, denominated 
Muntz*s metal, has been of late generally used in the mer- 
cantile navy, and has been partially employed in the Biitisli 
navy, as being inexpensive when compared with copper 
sheathing. 

No, qfSkeeii, «ix.,/rom a 120-Gun Ship to a 10-Gun Brig, 

Guoi. Sheets, of 4 ft. by 14 Uu. 

120 4444 " 

84 • . . 3400 

60 2260 

46 1870 

28 1240 

10 638 

The combination of the several parts, and the arrangement 
of the respective portions, of the vast structure which con- 
stitutes the man-of-war or ship for national defence having 
been detailed, it becomes necessary, under the prescribed 
limits of a rudimentary treatise, to bring to a close the hrief 
reniarks that have been made on that important subject— the 
practical carpentry of ships, as forming either the Nation*^ 
Bulwarks of this country, or those on which, considered 
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I SL nation of merchants, the Commerce, and thence the 
clies, of England depend — the mercantile navy of England. 
fL -the practice of ship huilding a wide field is opened for 
Lscussion, as the several systems that have from time to time 
cen adopted admit freely of controversy. 

To many instances the same end is to he ohtained hy 
itlier of two methods, and thence advocating their relative 
»r respective merits coald he productive of no positive 
7ood. Under such impressions, the plans proposed for the 
same purpose have, in this small work, heen only descrihed, 
leaving those who read such descriptions to draw their own 
conclusions as to their advantages or disadvantages in prac- 
lice. With the hope that the practical hints which may here 
be found, and which have been compiled during the leisure 
hours of a professional course of duties, may be considered 
useful to the novice in ship building, as forming the lower 
step of a ladder towards his attaining a knowledge of practical 
ship building, when followed by him as a trade, and also be 
acceptable to the general reader, as a source of amusement 
and recreation from more abstruse reading, this Rudimentary 
Treatise on Practical Ship Building is brought to a conclusion ; 
but still with a hope that it will be shortly followed by a Rudi- 
mentary Treatise* on Masting, Mast-Making, and Rigging of 
Ships, 
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